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ABSTRACT 


The 1,3-dipolarcycloaddition reaction of cyanogen- 
and sulfonyl azides with 1-methyl-1,4-dihydropyridine (XLIII) 
afforded 2-methyl-7-cyano(sulfonyl)-2,7-diazabicyclo[4.1.0]- 
hept-3-enes in excellent yield. The 2,7-diazabicyclo[4.1.0]- 
hept-3-enes displayed good antiprotozoal and analgesic 
acCtiviciles. 

In a similar manner, 1-alkyl-1,2,3,4-tetrahydropyr- 
idines undergo a 1,3-dipolarcycloaddition reaction 
with cyanogen- and sulfonyl azides to give 1-alkylpiperidyl- 
idene-2-cyan(sulfon)amides. Acid hydrolysis of 1-methyl- 
Be dene cy ananide yielded 1-methyl-2-piperidone. 
The 1-methylpiperidylidene-2-sulfonamides have excellent 
analgesic properties which are antagonized by Naloxone hydro- 
chloride, a narcotic antagonist. The most potent analgesic 
prepared was 1-[2-(4-nitrophenyl) ethyl] piperidylidene-2- 
(4-chlorophenyl)sulfonamide which is 10,000 fold more active 
than morphine sulfate in mice. Narcotic analgesic agonist- 
antagonist properties were displayed by 1-cycloalkylmethyl(n- 
propyl, isobutyl) piperidylidene-2-(4-chlorophenyl) sulfonamides. 
It is likely that 1-methylpiperidylidene-2-sulfonamides 
(CEXXV) mate narcoticranalgesics actingsals the sil=narcotic 
opiate receptor while the 1-cycloalkylmethyl (larger alkyl)- 
piperidylidene-2-sulfonamides are u-receptor antagonists 


and «x-receptor agonists. Structure-activity relationships 
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indicate that CLXXV has many structural features in common 
with typical narcotic analgesics. 

The reaction of 3-methyl-10-dialkylaminoalkyl-10H- 
pyrido[3,4-b][1,4]benzothiazinium iodide oxalates with sodium 
borohydride affords 3-methyl-10-dialkylaminoalkyl-10H-1,2,3,4- 
Petranvyaropyoldo|5e4—-b || Wee |bemzotitazinea( CUmmCGiIl tm CGVe 
CCVII, CCIX). Subsequent treatment of these 1,2,3,4-tetra- 
hydropyrido[3,4-b][1,4]benzothiazines with 10% palladium on 
charcoal and hydrogen gas yields 3-methyl-10-dialkylaminoalkyl- 
10H-1,1a,2,3,4,4a-hexahydropyrido[3,4-b][1,4]benzothiazines 
CoGDiPmCGUVemCOVI @GGVll CCX eee inestetraCnexayhydropyrido- 
[3,4-b][1,4]benzothiazines displayed mild analgetic proper- 
ties. 

Reaction of 10-methyl-10H-pyrido[3 ,4-b][1,4]benzothia- 
zine with n-butyllithium and deuterium oxide affords 4- 
deutero-10-methyl-10H-pyrido[3 ,4-b][1,4]benzothiazine 
(CCXVIL) and 4-n-butyl-10-methyl-10H-pyrido[3 ,4-b][1,4]benzo- 
thiazine (CCXVIIL). A mechanism for the formation of CCXVII 
andsCCXVill 1s" siven. 

Treatment of 10H-pyrido[3,4-b][1,4]benzothiazine with 
diisobutylaluminum hydride (DIBAH) and methyl chloroformate 
or the reagents borane-tetrahydrofuran, sodium bis-(2-methoxy- 
ethoxy)aluminum hydride and methyl chloroformate gave 10- 
methoxycarbonyl-10H-pyrido[3,4-b][1,4]benzothiazine (CCXXI) 
and bis-(3,10-methoxycarbonyl)-10H-3 ,4-dihydropyrido[3,4-b]- 


[1,4]benzothiazine (CCXXII). Reaction of a 10-dialkylamino- 
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alkyl-10H-pyrido[3 ,4-b][1,4]benzothiazine with DIBAH and 
methyl chloroformate gave only intractable material. Com- 


pound CCXXII exhibits good analgesic properties. 
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In 1851 Thomas Anderson discovered and isolated 
pyridine from deer horns!. The chemical formula of 
pyridine was subsequently established by Ladenburg in 
1888!. The structural similarity between benzene and 
pyridine has stimulated an ever increasing interest into 
studies offpyridine chemistry. 

A number of pyridine compounds have assumed impor- 
tant roles in biochemistry and pharmacology. The Vitamin 
Be complex is composed of pyridoxones which serve as 
co-factors in the enzymatic catalysis of a variety of bio- 
chemical reactions. Nicotine is an important constituent 
ObpLODACCO, Which acts as faydepressanteat auconomic 
ganglia?. 

The discovery in the 1930°s that nicotinamide 
adenine dinucleotide (NADt-NADH) (1) was a "hydrogen- 
transferring coenzyme" of importance to biological 
systems‘ > has led to an increased interest in dihydro- 
pyridines for possible biochemical and pharmacological pro- 
perties. These studies have resulted in the development of 
a variety of 1,4-dihydropyridines which exhibit antibac- 
terial®, antineoplastic’ »®, analgesic? :!9, hypo- 


tensivel!»12, spasmolytic!9.13,14, antiinflammatory!>° 


and porphyria inducing activities!®. 
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Wolfbeis and coworkers!’ recently manufactured red and 
violet dyes possessing conjugated 1,2- and 1,4-dihydropyri- 
dine ring systems as integral structural components of the 


chromophore. 
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The importance of the NAD-NADH system to biological 
processes has stimulated investigation into a variety of 
model compounds which mimic the natural 1,4-dihydropyridine 
system!8-28 , Polymers have been utilized to covalently 


bind nicotinamide for use as a NADH model@/, Two 1,4- 
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dihydropyridines (II and III) covalently bound to reduced 
keratin have also served as models for the functional study 


of the NAD-NADH system28, 


CONH> CONHRK 


RK-S-(CH>)>- N n-C3H7—N 


LD Lit 
RK = reduced keratin 


In 1882 Hantzsch developed a procedure for the 
synthesis of 1,4-dihydropyridines which now bears his 
name2?. An excellent review describing this synthesis 
and the pharmacological properties of the Hanztsch 
4-aryl-1,4-dihydropyridine-3,5-dicarboxylates (IV) has 
recently been published2°. Nifedipine (Adalat (8) ) 

Ga ie manda sk he24 2600 (LV—b) a eo 

independently by Pharma der Bayer and Smith, Kline and 

French respectively, are calcium channel antagonists. The 

coronary dilating and hypotensive properties of IV-a and 

IV-b have been used effectively to treat hypertension and 
30 


reduce the frequency of attacks in angina pectoris~~. 


In the last few years several potent antihypertensive 


a a nr 
beagthe: of & ved 119) 


os bovise, a 


Massena naAd-OF 


/ 
ybeos [4nolz08u, 


WROD. ain? — 
ia. 
7 oO". ~} - ~ o - - 
q bi +*8E2 ‘2 (— mB =¢ ig) = om 
eect 
rt iM Palaml 
ci tRisx Potuhes = Ae 7 
34 yot srubsootg s Bsqaleveb doessaah S681 al : 


» . iw 
cid @xead vad fyidy eofibiayqosiyilth-é.f Bo nent a 


* . uP d é 1 7 
areetrate abit eardiveash waives scetistxe ah .**omad 


i 


igatsash sda te abitreqesg loci golosemadg: — oo 


ry 


asd (V1). ae is lynod saat hue eta ntbarygerbylEb=s tL om 
66); sfeSA} ental baben) ; OC pytes iduq need ¢ion —_ 
vaquievel , dis ee aan BASHS re bas Be=1E gay 7y 
bee anttl , Aghia bee sige ay narrad9 oe - oes we " 
sect ener esp fio! 7 vs 1 donsy 
: - 
af na a | 


- 
’ 7 - 
: Hl i J | " i = - = _— 2 
% (i = 


‘ 
— . rs 
Z ‘ 


os 
a 


_" 
7) 


R 
H;CO.C CO,CH, 
| | (a) eee =e OGNO- 
H,C y CH, (b), R= Oscr, 
1D 


drugs45-49 have been developed via structural modifica- 
tion of the parent compound IV. 

A number of 1,4-dihydropyridine alkaloids (V) have 
also been isolated from the plant Melochia 
pyrimidata°9-°3, These alkaloids are structurally 
similar to the Chinolon alkaloid VI isolated by Kapadia and 
coworkers from Melochia tomentosa-*. 

The literature describing other dihydropyridines is 
concerned primarily with the use of these compounds as 
intermediates in the synthesis and biosynthesis of pharmaco- 
logically important alkaloids. Buchi and coworkers>> 
reported the first total synthesis of an iboga alkaloid by 
employing a reactive 1,6-dihydropyridine in a Diels-Alder 
cycloaddition reaction. Several other studies have employed 


1,2- and 1,6-dihydropyridine derivatives to synthesize other 
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alkaloids of this class?®»°’. The iboga alkaloids have 
pharmacological properties similar to cocaine in that they 
potentiate the pressor action of adrenaline 8. 
Dehydrosecodine B (VII), an unstable 1,6-dihydropyridine, 
has been proposed as a biosynthetic precursor to the iboga 
alkaloids?/»°9. 

Edwards and coworkers®9 have prepared peni- 


cillin compounds VIII having 2-and 4-pyridones as the 


heterocycle. Pyridones VIII-a and VIII-b display activity 
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against gram positive and gram negative bacteria similar to 
those of ampicillin. Substitution of the pyridone ring 
(VIII-c, VIII-d) results in a decrease of antibacterial 
aCtiviLLy. 

Dihydropyridines have also served as pro-drugs for 
the delivery of a quaternary pyridinium salt through a bio- 
logical membrane. The preferred antidote for organophos- 
phate poisoning is N-methylpyridinium-2-carbaldoxime 
chloride (2-PAM) (IX). The salt 2-PAM is not able to cross 
the blood-brain barrier in sufficient concentration to 
degrade the organophosphate®!, Bodor and 
coworkers®? have synthesized pro-2-PAM (X) which is a 


hydrochloride salt of the unstable 1,6-dihydropyridine Xl. 
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Pro-2-PAM enters the brain in high levels®3 following 


injection,where it is reconverted into 2-PAM. 
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ieee Ore OO Pharmacology of tetrahydropyridines. 


The pharmacological literature of tetrahydropyri- 
dines is sparse. The greatest attention has focused on the 
lee oO (Orel) 255) O0—-)eatecLanydropypidinessmmany ol which are 
potent hypotensive agents. Amines XII are strong ganglionic 


64. 


blocking agents in various animals The propiono- 


hydroxamic acid XIII acts as a hypotensive by its ability to 


block a-adrenergic pathways®?. 
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The hypotensive properties of arecoline (XIV) are 
weak®®, It has found use as an anthelmintic. and 
cathartic in Echinococcus infections of the dog®’. 

Knaus and coworkers©8-/9 prepared a series of 
N-(carbonylamino)-1,2,3,6-tetrahydropyridines with 
analgesic, antiinflammatory and hyperglycemic properties. 

A review on pyridines and reduced pyridines of 


pharmacological interest has been published’!. 
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i520 ..020 Pharmacology of piperidines. 


In comparison to dihydropyridines and tetrahydro- 
pyridines, the pharmacological literature for piperidine 
compounds is immense. The piperidino moiety is often a re- 
placement for a tertiary amino group, such as dimethylamino, 
in a drug molecule since their basic properties are similar. 
A more compact cyclic structure such as piperidine is often 
advantageous compared to diethylamino and higher alkylamino 


functions which possess free rotating alkyl groups. 
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The piperidine ring system is an important struc- 
tural portion of many narcotic analgesics. The naturally 
occuring polycyclic alkaloid morphine (XV) features a fused 
piperidine ring (Ring D). A totally synthetic piperidine 
narcotic analgesic known as meperidine (XVI) was synthesized 
in 1939 by Eisleb and Schauman/?, Meperidine has found 
wide usage for mild and moderate pain, especially in the 
relief of labor pain. The addictive liability and toxicity 


of XVI is lower than that observed with morphine/>. 


XV XVI 


—0T14. PLT te we ei 
vliaxte0 adt- eo saiar 
boty? os «siodee? © hy: ic 
eniberaciq 23 vd oe any a pares a 
bea taalsned 2 ge’ “catt dtehine e8 een shesad Wail 
omg? eg entose re ba waned bes fgtaks x 
sa at wiisias jee. hee ibiiadaadl brs elle 40% 28 
etinrxed bis gezehedast avigo Libs oat obeg wotat ee! 


«“\aqitiqaog dotw bavavede tet meus vowel a) 1 


19 


The good analgesia obtained with meperidine has 
stimulated further studies involving narcotic analgesics 
which possess a piperidine ring system. Fentanyl (XVII) and 

phencyclidine (XVIII) are two of the more potent and widely 


used derivatives. Fentanyl (XVII) is a high potency 


H Ph 
x N—CH,CH,Ph ( N 
Fy, 
COEt 
XVII j XVIII 


analgesic which is two hundred times more active as a pain 


killer in mice than morphine/’4, Fentanyl is used 


fe) 


clinically as an analgesic and as an adjunct in 


anaesthesiology/® Phencyclidine (XVIII) initially held 


ie Lint cSenowad 


promise as a safe general anaesthetic 
drug of abuse. 

The butyrophenones represent a potent and specific 
class of antipsychotics, of which haloperidol XIxX-a and 
spiroperidol XIX-b are prototype members. Many of the 
butyrophenones exhibit pharmacological activity similar to 


chlorpromazine and related phenothiazines/8, The most 


prominent side effects observed with butyrophenones and 
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neuroleptics in general are extrapyramidal in nature. Sato 
and coworkers’? have recently reported a butyrophenone 
compound (XX) having a potency similar to haloperidol but 
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1450-020 The chemistry of 1,4-dihydropyridines. 


XX 


The use of model NAD-NADH systems and the develop- 
ment of hypotensive agents such as nifedipine and SKF 24260 
have stimulated an increasing interest in the chemistry of 
22 


1,4-dihydropyridines The 1,4-dihydropyridines may 


also serve as potential pro-drugs. Eisner and Kuthan! 2 
and then Lyle89 published reviews which surveyed recent 
developments describing the synthesis, structural elucida- 
tion and physical and chemical properties of 1,4-dihydro- 
pericines The chemistry of 1,4-dihydropyridines will be 


discussed in depth with particular emphasis on recent 


developments pertinent to this thesis. 
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dee tiet lee ie) Synthesis of 1,4-dihydropyridines. 


Te Gere lee Synthesis of 1,4-dihydropyridines by condensa- 
tion and cycloaddition reactions. 


A general procedure for the preparation of highly 
substituted 1,4-dihydropyridines is provided by the Hantzsch 
ring closure2?. The procedure involves the condensa- 
tion of an aldehyde and §-ketoester (acetoacetate) in a 
molar ratio of 1:2 with ammonia (Scheme I-A). Two improved 
synthetic variations for the synthesis of 2,6-dimethyl- 
1,4-dihydropyridine-3,5-dicarboxylates have been reported 
(Scheme I-B and 1-c) 81,82, 

Scheme I: Synthesis of 2,3,4,5,6-pentasubstituted - 


1,4-dihydropyridines. 
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These procedures provide facile syntheses of calcium channel 


antagonists. Chennet and Eisner®? employed methyl 
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propiolate as the 8-ketoester derivative as outlined by 
Schemes I-A and I-B to synthesize 3,4,5-trisubstituted - 
1,4-dihydropyridines. 

Reactions of 3,3-dimethylglutaraldehyde with primary 
aryl amines afforded XXI in high yield84, The use of 
simple alkyl amines in place of aryl amines afforded the 
corresponding 1,4-dihydropyridines in low yields. Acid 
catalyzed condensation of carbamates or primary amides with 


glutaraldehydes produced XXII in high yie1d8>»86, 
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1,4-Dihydropyridines, having a hydrogen atom at the C-4 posi- 
tion, oxidize readily in air and therefore must be stored 


under nitrogen. 


ee La aad & Synthesis of 1,4-dihydropyridines from other 


ring systems. 
Catalytic hydrogenation of the isoxazole XXIII 


affords the 1,4-dihydropyridine xxIv8/»88, The 
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reaction proceeds by hydrogenolysis of the N-O bond followed 


by recyclization and loss of water. 


CH3CHCOR 
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The simple dihydropyridines XXV have been shown to 
arise via the spontaneous fragmentation of XXV189. The 


loss of nitrogen to relieve ring strain in XXVI is the 


le R N 
" N 
R 

XXV XXVI 


R = CH, SOoPh, Ph, (CH) Ph 
driving force behind the fragmentation. 
Treatment of the dihydropyran XXVII with ammonium 


acetate/acetic acid gives rise to the corresponding 
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1,4-dihydropyridine oeoursye 
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The isomerization of 1,2-dihydropyridines to 
1,4-dihydropyridines has received little attention to date. 
Fowler?! demonstrated that 1-methyl— 1,2-dihydropyri- 
dine in the presence of strong base isomerized to the cor- 
responding 1,4-dihydropyridine in 92% yield. Metal cata- 
lysts are also capable of isomerizing dihydropyridines. 
Thus, treatment of 1-trimethylsilyl- 1,2-dihydropyridine 
with palladium or rhodium catalysts affords the corres- 
ponding 1,4-isomer?2, The 1,2-dihydropyridines XXIX 
undergo isomerization to the 1,4-isomers XXX in 70% yield 
using RhC1(PPh)3. The corresponding aromatic pyridine is 


also formed in 30% yield93. 
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RCO SC COR RCO : COR 
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XXIX R= CH3, OCH3 XXX 


th ers besiege) Synthesis of 1,4-dihydropyridines by nucleo- 


philic addition of hydride using metal hydrides. 


Reduction of pyridine and pyridinium salts with 


sodium borohydride affords pee Pps and/or 

1 ,6-dihydropyridines?/ as well as tetrahydropyri- 
dines?®»79, In these reactions the product composition 
is inc lueneed by the stericeand electronic effects!00 
exerted by the substituents and the nature of the 
solvent!91. The choice of hydride reagent used also 
Sivpuiiicantiyeiniiuences the procucts: Obtained trom che 
reduction of pyridines and pyridinium salts. For example, 
the reduction of diethyl pyridine-3 ,5-dicarboxylate (XXXI) 
using sodium cyanoborohydride yields the corresponding 
1,4-isomer XXXII, whereas reduction using borane affords 
only XXXIII191. Reaction of 3,5-dicyanopyridine with 


sodium di(2-methoxy)ethoxydihydroaluminate (Redal, 


NaAlH» (OCH, CH 0CH3) 9) yields only the corresponding 
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Reyes A 
< ia | 
N N N 
H H 


XXXI XXXII 1 OO GIDVE 
R = CO5Et 
1 ,4-dihydropyridine! 9, These observations suggest the 


steric effect of the bulky hydride reagent plays an impor- 


tant role in determining the position of hydride attack. 


ih ofl alg) Synthesis of 1,4-dihydropyridines using nucleo- 
phuliceoOredanometal liciueacents. 


Organometallic reagents attack preferentially at the 
C-2 or c-6!93 positions of pyridines and pyridinium 
Salts: saddition to the C-4 position is) less#comnon. 
Reaction of N-triphenylmethylpyridinium fluoroborate 
with phenylmagnesium bromide yields the 4-substituted - 
1,4-dihydropyridine XxxIv!94, The position of substi- 
EULLOM iseintluenced by the steric erléct.or thes N-tri- 
phenylmethyl moiety!9, Treatment of 4-unsubstituted 
pyridines with ethylchloroformate and organocuprates at low 
temperatures gives rise to 1,4-dihydropyridines XXXV in high 


yield!%, Akiba and coworkers! 9/ recently synthesized 
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XXXIV XXXV 


XXXVI from the reaction of pyridine with ethyl chlorofor- 
mate and triisopropyl phosphite. Alkylation of XXXVI at 
the C-4 position and rearomatization of the 1 ,4-dihydro- 


pyridine wren putyl Vvehtum atfordse exe] leg. The 


rf 
+ P-0-i-Pr) R 
2 
|| - 
“4 
CO,Et 
XXXVI XXXVII 


overall reaction described above is a regiospecific alkyla- 
tion of pyridine at the C-4 position. 
Preparation of XXXVII starting with pyridine has 


also been accomplished using ethylchloroformate and RCu:BF3. 
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In this case, the intermediate 1,4-dihydropyridine XXXV was 


converted to XXXVII under a stream of oxygen!98, 


lest sad! Miscellaneous syntheses of 1,4-dihydropyri- 


dines. 
Reduction of pyridines and pyridinium salts with 
lithium metal and liquid ammonia in ethanol!99,110 
yield simple l-alkyl-1,4-dihydropyridines. The isolatable 
intermediate from this reaction is the dimeric dihydro- 


pyridine XXxvII1!99, 


; = ao ; my Si, ig 
R—N N—R 5 
—— R’ —— R = H, CH3, CoHs, n-C3H7, 
CO9CH3 
OOLOW EAL IL 


Reduction of 3-substituted or 3,5-disubstituted 
pyridinium salts with sodium dithionite in mildly alkaline 
solution affordsthe corresponding 1,4-dihydropyri- 
dines!11-113 which have been employed as NAD-NADH 
model compounds! 11-116, 


Treatment of XXXIX with sodium hydroxide affords 


the 4-spiro-1,4-dihydropyridine XL in excellent yiela!!7, 
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The addition of dilute acid to XL gives rise to XXXIX. 


1254-2210 3,0 Physical properties of 1 ,4-dihydropyridines. 
eA; 2.0 Ultraviolet absorption spectra of 1 ,4-dihydro- 
pyridines. 

1,4-Dihydropyridines generally absorb light at 
shorter wavelengths (300 nm) than the corresponding 
1,2-dihydropyridines which absorb at 350 nm. This effect 
is due to extended conjugation in the 1 ,2-dihydropyridine 
dienamine system. Substitution of electron-withdrawing 
substituents on nitrogen produces a hypsochromic 
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Va4ee 2.32) oO, Infrared spectra of 1,4-dihydropyridines. 


The infrared spectra of 1,4-dihydropyridines are 
generally very simple. Characteristic stretching 
vibrations of medium to strong intensity in the 1500-1640 
em7 | region of the spectrum are due to the enamine 


system inherent in 1 ,4-dihydropyridines!19,120, 


Weta ete U Prolong magnet) CamesonancesspectranOtml a= 
dihydropyridines. 


The proton chemical shifts for 1,4-dihydropyridines 
usually appear in the 4.2-6.26 range. The nature of the 
PineecUDselbuGPOnepaneernuwl ll wag. UCNCcELichexactechemlcal 
shifts observed and the multiplicity of the resonances. 

The low to high field positions for the protons of syn- 
metrical 1,4-disubstituted-1 ,4-dihydropyridines XLI are 
generally?4,110 Hg=He>H3=Hs5>H,. Typical J values 

(Hz) are Jo 378, J3 473-9, Jo 672 and J3 572-5. 
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lmao .4 0 Mass spectra of 1,4-dihydropyridines. 


The most important fragmentation pattern in 
4-substituted~-1 ,4-dihydropyridines is the loss of the C-4 
group as a radical to afford an aromatic pyridinium 
ion!21, Purther fragmentation is usually confined to 
the loss of fragments normally observed with pyridinium 


10ns. 


We 4s. 0.0 Chemical properties of 1,4-dihydropyridines. 


104 Side. 0 Stabiilatysand felechroni.cysitructunes of 1,4. 
dihydropyri dines). 


Highly substituted or polycyclic 1,4-dihydropyri- 


re 2212S 


are generally more stable than their 
counterparts Having less functionality, Substitution of 
electron-withdrawing groups, capable of resonance interac- 
tion, at the 1-, 3- and/or 5-positions further enhances the 
stability of dihydropyridines. For example, N-carbomethoxy 
-1,4-dihydropyridine (XLII) 94 is more stable than 
N-methyl-1 ,4-dihydropyridine XLIII or 1,4-dihydropyridine 
XLIV. 

The low stability of 3-ethyl-1,2-dihydropyridine 
OSEV) ii caneintegral istructural.poution,~ofydehydrosecodine B 
(VII), has been enhanced by complexation of the 
1 ,6-dihydropyridine ring system with chromium 


carbonyl!24,125, The labile 1,2-dihydropyridine (XLV) 
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| | 
CO,CH, CH, 
AULT » Gia nneae XLIV 


has also been masked as a 2-azabicyclo[2.2.0]hex-5-ene 
bicycle (XLVI) 126, The original dihydropyridine can 


be regenerated simply with mild heat. 


(J 
N 
H 


XLV XLVI 


NH 


Molecular orbital calculations indicate that the 
nitrogen lone electron pair and the electrons of the two 
olefinic bonds for 1,4-dihydropyridines are not delocal- 
ized. Electron-withdrawing substituents at the C-3 and/or 
C-5 positions therefore enhance stability through substan- 


tial delocalization. 
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eae 6 3 U Oxidation of 1,4-dihydropyridines. 
1,4-Dihydropyridines undergo oxidation by dehydro- 


genation!0& or disproportionation!2/, The hydrogen 
transfer capabilities of 1,4-dihydropyridines to pyri- 


128 


dines was fundamental to the elucidation of the mode 


Of action.of NADH. 


les 4103 oe Reduction of 1,4-dihydropyridines. 

Reduction of 1,4-dihydropyridines using metal 
hydrides generally affords 1,2,3,4-tetrahydropyri- 
dines?© while catalytic reduction with palladium on 
charcoal and hydrogen gas produces 1,2,3,4-tetrahydro- or 
hexahydro-pyridines’“°. 
4.3.0.0 Cycloaddition reactions of 1 ,4-dihydro- 

pyridines. 

Diels-Alder adducts have been obtained from a 
variety of 1,2- and 1 ,6-dihydropyridines! 30-132, 
1,4-Dihydropyridines do not undergo [4+2] cycloaddition 
reactions although they may serve as dienes for [2+1], 
[2+2] or [2+3] cycloaddition reactions. A review of cyclo- 
addition reactions of pyridines and reduced pyridines has 
recently been published! 3°, 

Reaction of XLVII with dimethylacetylenedicarboxy- 


late (DMAD), in the absence of a proton donor, produces the 


unstable intermediate XLVIII which undergoes ring expansion 


sdugehndia> 93-8, ars ob siting 
to’ dhaky tiey hte: moa seMtiss ontylewe 
wo -oTbh? gies Fare, Cia besa “ae 


s nett bawissee abaig avhe a2 SUDUR ; 


SE 1-08 eginsh endgoste hh. (om 


gessibhasiixe (S4s] oxsviny fon ob | 
o. 9 , 
fMS) 12 sensei ee oe pag pick s a 
mh 


~olayo to wolves & Pesertg 
seit sonebiaye ; = trans 
7 7 oe eee oa ae 


7 


2a, 


to afford the 1,2-dihydroazocine XLIx!34, In the 


presence of a proton donor, XLVII and DMAD yields 
Use, 
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West. . 0) Chemistry of 1,2,3,4-tetrahydropyridines. 


1,2,3,4-Tetrahydropyridines are cyclic enamines 
susceptible to attack by nucleophiles at C-6 and electro- 


philes at C-5 (Scheme Phy Sos 
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scheme II: Reactions of nucleophiles and electro- 


philes with 1,2,3,4-tetrahydropyridines. 


A 


The presence of electron-withdrawing substituents 
at the 1-!37 and 5-138 positions stabilizes the 
1,2,3,4-tetrahydropyridines. The parent tetrahydropyridine 


LI has not been reported whereas simple N-substituted 
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derivatives such as L11!39 and 1111149 have been 

prepared. The preparation of LIII is achieved by isomeri- 
zation of the corresponding l-methyl-1,2,3,6-tetrahydro- 
pyridine LIV in strong base under anhydrous condi- 


140, Molecular orbital calculations indicate 


tions 
that LIII is thermodynamically more stable than LIV by 4.0 
keal/mole!49, Strong 1 interaction of the nitrogen 

lone pair with the carbon-carbon double bond is possible 
for LIII. This interaction stabilizes the transition state 
involved in electrophilic substitution, thus promoting the 


acid catalyzed dimerization of LIII to N,N’ -dimethyl- 


1,4,5,6-tetrahydroanabasine Evils 
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ie Gre.O eo 1,3-Dipolarcycloaddition reactions of enamines 
with organic azides. 


The chemistry of 1,3-dipolarcycloaddition reactions 
has been reviewed in detail!42,143, These reactions 
Pnvolve Enewconcem cawadditionsof aul: j-o01 poles loud 
dipolarophile to produce five membered rings of varying 
stability. Common 1,3-dipoles include nitrile oxides, 
azides, ylides, carbonyl imines and diazoalkanes. The most 
common dipolarophile is the carbon-carbon double bond. The 
reactivity of the alkene may be increased by conjugation 
with nitrogen in an enamine system to afford an electron- 
rich dipolarophile. Electron-withdrawing groups such as 
the cyanosubstituent in cyanoethylenes, yield electron- 
deficient dipolarophiles which are also highly reactive. 


142,144 proposed that the cycloaddition 


Huisgen 
proceeds by a two-step process wherein the two new sigma 
( o ) bonds are formed separately via a dipolar species 
(Scheme III-a). An alternative two-step mechanism! 49 
incorporates” a spin-paired diradical as the short lived 
intermediate (Scheme III-b). Both schemes account for the 
stereoselective "cis' addition observed in 1 ,3-dipolar- 
cycloaddition reactions. 


Addition of organic azides to enamines is generally 


under the control of electronic effects. The enamine 
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Scheme III: Possible mechanisms for 1,3-dipolar- 


cycloaddition of a dipolarophile and a dipole. 
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undergoes nucleophilic attack at the ocarbon by the azide 
nitrogen bearing the substituent and electrophilic attack 
at the g-carbon by the terminal azide nitrogen (Scheme 
IV). Azides containing electron-withdrawing substituents 
react more readily with electron-rich double bonds and vice 
versa'4®, This can be attributed to a partially 

charged transition state. When an electron-withdrawing 
group is attached to the nitrogen of the triazoline ring, 
the ring system is quite labile. Decomposition of the 
triazoline leads to aziridines, imines or a mixture of 


both!47, 
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Scheme IV: 1,3-Dipolarcycloaddition of enamines to 


organic azides. 
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Ondrus and coworkers investigated the 
reaction of organic azides with 1,2-dihydropyridines. 
Addition of cyanogen azide to N-substituted- 1,2-dihydro- 
pycvidines affords a 1:1) mixture of E- and Z-152,3,4-tetra- 
hydropiperidylidene-4-cyanamides LVI and LVII. The 


diazabicyclo[4.1.0]hept-4-enes LIX are obtained in quanti- 


tative yield from the reaction of 2-substituted-1,2-dihydro- 
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pyridines LVIII with organic azides!9, The regio- 
specific cycloaddition of the azide to the 5,6 carbon- 
carbon double bond gives an unstable triazoline adduct 


which spontaneously loses nitrogen to provide LIX. 
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The addition of p-toluenesulfonyl azide (Ts-N3) 
to 1,6-dimethyl-1,2,3,4-tetrahydropyridine (LII) affords 
1 ,3-dimethylpiperidylidene-2-(4-methyl)benzenesulfonamide 
(Lx) 191, The formation of LX was postulated to arise 
by fragmentation of the triazoline with subsequent 


migration of the 6-methyl substituent. 


ig | Cg. . panies hs el Dis fe 
: oa i erie Cd ae a ) 


ae: — oe 


7 mae 


v 
> 
7 


LX 


55 


36 


1.020. Pharmacology of opiate and opioid analgesics. 


Wet es 0 <U ENeLOCUCET ON. 

In 1799 Serturner first identified morphine as the 
principle narcotic component of opium. This discovery pro- 
vided the impetus for further developments in the field of 
narcotic analgesics. Human experimentation in the mid- 
1800's established opium and morphine as very potent 
analgesics which had an unprecedented impact on medical 


Draceise). Kramer!?2 


recently published an excellent 
review on opiate analgesics in the 19th and early 20th 
centuries. He described the increasing importance of 
narcotics to the physician as agents for the relief of 
pain. 

In this treatise, the term "opiates" will be used 
in reference to alkaloids and synthetic narcotic analgesics 


while the term "opioids" will refer to endogenous pep- 


tides. 


Tee leelee 0 Natural opiates. 


Morphine (XV) is the major alkaloid obtained from 
the poppy plant Papaver somniferum since it is present to 
the extent of 9% in the seed capsules!93, The excel- 
lent pain-killing action of XV is accompanied by highly 
undesirable respiratory depression and physical dependence 


properties. Morphine and morphine-like compounds have been 


i 


-o1g eiseyyeRh: sie gerne gnemugacs 21369380 


eit 4s antddzom > 


to biefd sdv ai ermamqoisvel vadat sod sussqat 
bia! $13 is Lobfeacinrsens quant atteagpone a 

sHSaGq yay SB eoitqrom bas amigo bhedetidesas a’ ene 

{ga tbom no so6qae hesnabssesqasr ws bad fiottw a> 

zea hiiente ve baletloin elinsous 82  yemerh set 138 t 

“4708, vives bye ioe! edgy mi eotesgteus ejaiqo as ws by 

20 aunstionm! goiesaragt eit bedizuash o4 . est usaea 

to Ystisx sia wt 2toeee 59. usloterdq ais oF 22k: 29% z 


boo ad [iw “aeastgo” ates stg jsehtaasa eidt at 
aifeegishs stscpzer olsettage bre abralsdia oF soae7e2 x al 


-g#q aveotagobas Of gaia: Lfiw “gbbotqo” arei od3 ott 
+ 


mori hariesdo bioleats sot aad cal 


a> Jugeantq 2% ab roth 6. Lin , 

iesxs 3f : eer 
Peak | a some i 
- nent se a 
fF or ine 


sy) 


implicated for use in a variety of ailments including 


intractable and postoperative pain. 


N—CH, N—CH, 
HO O OH CH;0 O OH 
XV LXI 


Codeine (LXI), a minor constituent of opium (0.3%), 
exhibits approximately one-seventh the analgesic potency of 
morphine and possesses a low physical dependence 
capability!?3. The reduced addiction potential of 
codeine served as a stimulus for synthetic modification of 
the morphine nucleus. Synthetic morphine analogues are 
being developed in an attempt to reduce dependence proper- 


ties while maintaining analgetic activity. 


liccistlaencis Semi-synthetic and synthetic opiate analgesics. 


The chemical transformation of morphine, codeine 
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and other phenanthrene alkaloids produces analgesics 
referred to as semi-synthetic opiates. A greater analgesic 
potency than morphine has been realized with many of these 
compounds. Unfortunately, the side effects and dependence 
liabilities for a large number of semi-synthetic opiates 
are similar to or more pronounced than those of 
morphine!?4,199, Acetylation of morphine gives the 


potent and highly addictive analgesic diacetyl morphine, 


commonly called heroin (LXII). 


N—CH, 
CH,CO, O 0,CCH, 


LXII 


The total chemical synthesis of opiate analgesics 
was initiated with the hope that simpler homologues having 
chemical features similar to morphine could be developed 
which retained only the desirable analgetic properties. In 


1939 Eisleb and Schaumann/2 prepared meperidine (XVI), 


a ar) 


i get? fi ps a ; 


shesginan raced ; A ol wae 7 Tae bo hata 
en sped 
seed3 to xosm aatw ba 
esrebnaqeh bas 5 eee before) 


astelgo ae tedava egret ® x08 | 
| to sacd. aad beomyonoTy 2108 x0 03 3 

stfi sovlg astiqvoe Fo dokialyseA — Pel 
acidquem Ty2;enJ6 otengienn sviaoibbe i 


ete eine of or ua: 
= 


wwe Sa mihelie 4 3 neve) _ 


oa ew: 
Baines 1 ones sir oa 
uh pee i os 4. ie 


ov es "| eer 


39 


an analgesic which has since been accepted as a substitute 


for morphine. Meperidine was the first useful narcotic 


EtO,C 


Ph 


XVI 


analgesic not derived from the phenanthrene alkaloid 
nucleus. 

Methadone LXIII is an open chain analogue of 
meperidine having pharmacological properties comparable to 


morphine. Methadone is used clinically as a substitute for 


Ph COEt 
bh 


Ph~ cus —N(CH3) 9 


CH3 


skp, LIne 


morphine in withdrawal treatment and in long term heroin 


and morphine rehabilitation therapy!°?®, 


The pharmaco- 
logical activity of methadone as well as most natural and 


synthetic opiates resides in the levo isomer. 
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A simplification of the morphine nucleus by removal 
of the ether linkage provides the morphinan group (LXIV). 
Levorphanol (LXV) is a typical representative of the 
morphinan analgesics which possess good analgesic quali- 
ties!°/, Unfortunately, levorphanol exhibits marked 
dependence liability and respiratory depressant character- 


istics!8, 


HO 


LXIV LXV 


The 6,7-benzomorphans which arise from simplifica- 
tion of the C ring in morphinans (LXIV) still possess 
narcotic analgesic action. Phenazocine (LXVI) exhibits 
three to five times the activity of morphine in man, and 
appears to have somewhat lower addiction potential than 
morphine! 9, Replacement of the N-CH3 substituent 


of morphine (XV), levorphanol (LXV) and similar 
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N—CH,CH,Ph 
CH, 
CH, 


HO 


LXVI 


analgesics by an N-phenylethyl group, as demonstrated by 


phenazocine, generally confers a three to ten fold increase 


in analgesic activity. 


These opiate analgesics possess a number of struc- 


tural features critically linked to their powerful actions 


on the central nervous system. The four essential features 


which have been unequivocally identified are! 60, 


(a) 


(b) 


(c) 


(d) 


a flat aromatic structure which is usually a phenyl 
ring 

a central carbon atom attached to the aromatic 
moiety 

a tertiary amino group, one functionality generally 
being methyl 


a two carbon chain separating the central carbon 


a 
| ah 
: . 4 I Ti ary \ 
wé bayeteepomeb a4 (.quorg [¢dysiqnedg-1 me XS Soteageeee 
eeeeisns fot aes oo seta a Breinos yiistenag ,setse smog, 
2) —_ 
-Vilvitos steegians @: 
a oe 


-suvde to tadtem 5 2¢9e00q apteegiace aseigo seonT 
. - 


sHobise Iwtxewoq xted3s of Gseintl vilesisizs orn 3 


. ae: 
7 ; seqieo? ianltasees tuwol aT smageye avoviem Las3 199 96 4 
7 -O8'o4, hottiszasbt esisooviupsay 4 eved dat 
h-; | ae eo —. 
iy iyesdy » giisvey al dotdw aruiouTss otsemors 3 ida) -( 
- 7 7 


42 


atom from the tertiary amino group. 

Significant structural deviation from any of these 
four points invariably leads to a significant reduction or 
complete loss of analgetic potency. The following section 
will demonstrate that minor structural modifications of the 
functionalities on the tertiary amino group result in major 


pharmacological changes in analgesic properties. 


eniielee 3.0 Narcotic Antagonists. 


Replacement of the N-methyl group with larger 
N-alkyl substituents generally provides either pure nar- 
cotic antagonists or partial agonist-antagonists. Narcotic 
antagonists, although structurally similar to opiate 
agonists, have substantially different pharmacological pro- 
perties. Naloxone (LXVII) is a prototype antagonist which 
inhibits all pharmacological effects of morphine including 
analgesia, respiratory depression and physical depen- 


dence!6!, 


In addition, LXVII is devoid of analgesic 

and dependence properties. Naloxone is useful in clinical 
practice! 62 for morphine overdose treatment or nar- 

cotic addiction screening. Naltrexone (LXVIII) and 
cyclazocine (LXIX) are also extensively used as antagon- 
ists!63, Incorporation of a hydroxyl group at the 


C-14 position of morphine alkaloids and 6,/-benzomorphans 


enhances their antagonist properties! 64, The hydroxyl 
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N—CH,CH=CH, tie Bie A 
(Ho | 
O re) 


HO H HO e) O 
PXVLE Ex vba 
N—CH —< 
CH, 
“CH, 
HO 
LXIxX 


group is thought to increase the rigidity of the ring 
system allowing for improved binding of the antagonist to 


the narcotic receptor site. 


eel ete Ae Partial agonist-antagonists. 
Nalorphine (LXX), the N-allyl derivative of 


morphine, was the first opiate found to demonstrate 


antagonist properties! ®>, Low doses of nalorphine 
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primarily elicit an analgesic response while antagonist 
properties are apparent at higher doses. Nalorphine is 
therefore a classical partial agonist. Chronic administra- 


tion of LXX produces a mild physical dependence 


N—CH,CH=CH, 


HO O OH 


LXX 


combined with relatively painless withdrawal!®®, The 
desirable properties of good analgesia and low physical 
dependence potential of nalorphine fueled the development of 
similar partial agonists with improved analgesia-dependence 
properties. 

Two new partial agonists recently marketed in Canada 
are nalbuphine (Nubane®) (LXX1) 167 and butorphanol 
(Stadol) Lxx11168,169, the analgesic potencies 
of LXXI and LXXII are comparable to morphine while their 


physical dependence liabilities are"essentially negligible’. 
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LXXI LXXII 


The general structure LXXIII represents an interest- 
ing class of oripavine alkaloid derivatives. Etorphine 


170 whereas 


LXXIII-a) is a true narcotic agonist 
diprenorphine (LXXIII-b) is an almost pure narcotic anta- 
gonist!/1!, A very potent partial agonist devoid of 


addictive properties is represented by buprenorphine 


(LXXIII-c)!/72,173, 
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(a)e, Rees) CH 


(b), Rl = CH5-c-C3Hs, R* = CH3, 


X = -CH5CH5- 
(c), R1 = CHp-c-C3H., R2 = t-Bu 
X = -CH5CH5- 


LXXIII 


heres aie!) Endogenous opioid peptides. 


The excellent analgesia elicited by small doses of 
Narcotic Opiates sugpgests® the existence of highly specific 
Opiate receptors. The innate occurence of the recep- 
tors!/4 further implies the existence of corresponding 
endogenous substances in the brain capable of initiating an 
analgesic response to a pain-producing stimuli. In 1975 
Hughes and coworkers!/9 identified two brain peptides, 
known as methionine(met)-enkephalin (LXXIV) and leucine- 
(leu)-enkephalin LXXV, which demonstrated analgesic proper- 
ties. The amino acid sequence tyrosine(tyr), glycine (gly), 
glycine (gly) and phenylalanine(phe) are common to both 


pentapeptides. It is postulated that a specific enkephalin 
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tyr-gly-gly-phe-met tyr-gly-gly-phe-leu 
LXX1V LXXV 


conformation is required to "fit" the opiate recep- 
tor!/6,177, The rigid morphine molecule is thought to 
assume a similar conformation capable of mimicking the 
natural receptor response. 

Tyrosine, the first amino acid in the enkephalin 
peptides, is likely the major structural group involved in 
enkephalin-receptor binding. The flat aromatic ring of 
tyrosine probably binds to a receptor area similar to that 


178, The other amino 


of the phenyl ring of morphine 
acids in the enkephalin peptides are probably involved in 
secondary binding to the opioid receptor. 

Met- and leu-enkephalins may be derived from larger 
polypeptides. The amino acid sequence of 8-lipotropin, a 
ninety-one amino acid peptide, is identical in the 61-65 re- 
gion to that of met-enkephalin. In addition, 8-endorphin, a 

thirty-one amino acid peptide formed in the cleavage of 
8-lipotropin, also has met-enkephalin as its first five ami- 


no acid sequence! /°, The amino acid sequence of leu- 


enkephalin corresponds to the first five residues found in 
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the seventeen amino acid peptide dynorphin! 79,180, 
8-Endorphin! 81,182 and dynorphin! 80 | like the enkephalins, 
elicit analgesic responses. 

The endogenous opioidpeptides are almost certainly 
involved in nociception control!83, Many other physio- 
logical functions have been credited to the opioid peptides 
including roles in obesity! 84, Parkinsonism! 85 | 
hypertension! 86 neurotransmission!®/+188 and hormonal 


level control!89, 


Pe 2 OO OprabesandgoploldpreceplLons. 


ee) eae ect © General considerations. 
Opiate and opioid receptors which are confined to 
nervous tissue have been identified only in vertebrate 


190, at this time compelling evidence favors 


species 
the existence of distinct morphine and enkephalin receptors. 
A number of different classification systems have been used 
to delineate the multiple analgesic receptors. The result- 
ing nomenclature is complex; terminology such as mu (4), 
Kappes (rn). eStema (c),edelta, (0), CpistLOngle )yetype 1, type 
Diyeblgieatostivcy, Low aditinity , O;eands Oo haves been 

used to describe various receptor types. Detailed reviews 
concerning analgesic receptors have been published!9!-193, 


Thestollowing discussion will Locus Ol) Che identification of 


receptors, pharmacology of typical receptor compounds and 
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physiological-pharmacological factors affecting binding of 


Opiates and endogenous opioids to receptors. 


Vol oigtal Nancoticmoprdt GmrecencCors)« lem wher andmo 
HEeceptom neony:. 


Three groups of investigators!94-196 indepen- 
dently demonstrated high affinity binding of opiates to rat 
brain tissue using tritium-labelled opiates. Treatment of 
[3H]naloxone-bound brain tissue with various narcotic 
analgesics resulted in the displacement of tritiated nalox- 
one from the opiate binding sites!94, Using a chronic 
spinal dog model, Martin and coworkers postulated the exis- 
tence of three distinct narcotic opiate receptors termed mu 
(u), kappa(k) and sigma(c). The properties of these receptors, 
which form the basis for all opiate receptor theories, may be 
summarized as follows: 

(a) u-receptor. Morphine (XV) and etorphine (LXXIII-a) 
are prototype agonists of the u-receptor. The bind- 
ing of these compounds results in a general depres- 
sion of nociceptive responses, miosis, bradycardia 
and hypothermia. 

(b) «-receptor. Ketocyclazocine (LXXVI) and bremazocine 
(LXXV11) 197 are the prototype agonists of the k- 
receptor. The interaction of these compounds at the 
k-receptor site causes sedation as well as depres- 


sion of both the nociceptive response and the flexor 
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reflex. The pupils become constricted whereas the 
pulse rate and skin twitch reflex remain unaltered. 
(c) o-receptor. N-allylnormetazocine (SKF 10,047) 
(LXXVIII) is the prototype agonist of the 9- 
receptor. A typical response is characterized by 
mydriasis, tachypnea, tachycardia and mania. 
Apomorphine (LXXIX) and SKF 10,047 exhibit similar 


pharmacological activity. 


OH 
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All receptor subtypes are inhibited by narcotic 
antagonists such as naloxone and naltrexone. The antagonist 
dose required to block x-effects is 20-60 times that 
required to effect a u-blockade!98., In the morphine- 
dependent dog ketocyclazocine does not suppress a withdrawal 
reaction. The reverse is also true, morphine treatment of a 
ketocyclazocine dependent dog does not suppress with- 


ie Specific agonists tend to induce tolerance 


drawa 
in their respective receptors and drug dosages must be 
continually augmented in order to obtain a consistent level 
of response. 

In the u, « and o-receptor system partial agonists 
usually exert their effect by antagonizing a particular 


receptor while exerting their agonist properties on another 


receptor class. The typical partial agonists nalorphine 


N—CH,CH=C(CH,), 
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(LXX), butorphanol (LXXII) and pentazocine (LXXX) act as 
antagonists at the u-receptor and as agonists at the «- 


receptor! 98-200 | 


We 27-3 7.0 Endogenous opioid receptor. 


The endogenous opioids do not conform to theu, «k 
and o-receptor system model. Enkephalins have a low 
affinity for the u-receptor and an even lower affinity for 


201,202, 


the x-receptor All of the opiate receptors 


interact poorly with g-endorphin293, 
Although an opioid peptide neuronal system postulate 


5204 | the existence of 


was formulated as early as 197 
specific endogenous opioid receptors was not proposed until 
1977299. Lord and coworkers?9 proposed a high 
affinity-high efficacy binding site called the delta (5) 
receptor with which the enkephalins and g-endorphin both 
interact. Many modifications and elaborations of the 
original 6-receptor model have been made since its concep- 
tion but the fundamental principles of the theory are still 
accepted today. 

Several other theories describing additional recep- 
tor systems have been advanced. Schulz29 demonstrated 
the presence of a specific epsilon receptor (€) responsive 
only to 8-endorphin. A selective receptor has been postu- 


lated297 and identified2%8 for the seventeen-amino 


acid peptide dynorphin. The receptor has not been named, 
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however, it is pharmacologically similar to the «k-opiate 


binding site. 


ese 23a. O Conformational changes in the OplabemLecepeor. 


A number of cofactors have been identified which 
induce conformational changes in the opiate receptor and 
thus affect opiate binding. Sodium ions (Nat), and to a 
lesser extent lithium ions (Lit), enhance the binding of 
antagonists such as naloxone to the u-receptor while 
inhibiting the binding of the corresponding agonists29?, 
The effect of Nat on the «x-receptor binding is less pro- 
nounced than that observed at the u-receptor2!0-212, 

The sodium ion also decreases the affinity of enkephalin for 
the 6-binding site?!3, Sodium ions enhance the binding 
of partial agonists at theyu-receptor, the site of their 
antagonistic activities. In contrast, Nat slightly 
inhibits binding at the x-receptor where the partial 
agonists elicit their analgesic effects2!!1,214, 

A select number of divalent cations reverse the 
effects of monovalent cations on receptor binding. Mag- 


iA)e nickel (Nit) and in particular 


nesium (Mg 
manganese (Mn*2) counteract the ability of sodium ions 
to inhibit agonist binding2!°. In addition, the diva- 


lent cations by themselves enhance u-opiate agonist affin- 


ity. Receptor binding of the opioid peptides 8-endorphin 
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and met-enkephalin, in contrast to that of opiate u- 


+2 


agonists, is inhibited in the presence of Mg and 


Maie208 
The opiate receptors are very sensitive to inactiva- 

tion by protein modifying reagents such as iodoacetamide and 

N-ethylmaleimide which react with free sulfhydryl 

eke ld 


groups Proteolytic enzymes such as trypsin, 


chymotrypsin and phospholipase A also effectively destroy 


218,219. 


receptor function It is interesting to note 


that pretreatment of opiate receptors with Na* protects 
them from protein modifying reagents?20,221, A confor- 
mational change in the receptor site induced by Na™ pro- 
tects receptor sulfhydryl groups from inactivation. Inves- 
tigative evidence further indicates that this conformational 
change is identical to the one responsible for enhanced 
antagonist and reduced agonist binding!?!, These 
observations suggest that protein moieties form an intrinsic 
part of the opiate receptor binding mechanism. At the 
present time there is no data available regarding the 


effects of protein modifying reagents and proteolytic 


enzymes on opioid receptor systems. 


1h Geta STA®) Recent opiate and opioid receptor models. 


The physiological effects of sodium ions, divalent 
cations and protein modifying reagents and the discovery of 


new opiates and endogenous opioid peptides has spawned a 
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variety of new receptor models. Many investigators /89,192,222 


continue to relate opiate and opioid analgesic effects to 
the five receptor system (uv, *, 5, 5 and ©). Chang and co- 


workers223 


grouped opiate and enkephalin receptors into 
seven classifications according to the relative binding 
potency and the effects of sodium ions on receptor activity. 
The existence of a k-receptor has been questioned by Hiller 
and Simon224, Their studies using the rat central 

nervous system indicate that tritium-labelled ethylketo- 
cyclazocine, a typical x-agonist, has a CNS binding distri- 
bution pattern simlar to u-agonists. Kosterlitz and 
coworkers“2> however recently characterized thexrecep- 

tor subtype as accounting for approximately 30% of the 
opiate receptor. These diametrically opposed reports arise 
as a result of variation in the interpretation of pharmaco- 
logical data using a multiple-receptor model. 

In spite of their complexity, multiple receptor 
theories still fail to provide an unmitigated explanation of 
observed biochemical responses. In recent years several 
simple receptor hypotheses have been advanced. Buatti and 
Pasternak226 proposed a model consisting solely of 
"high" and "low" affinity receptors which mediate analgesic 
action and respiratory depressant effects, respectively. 
Opiate and opioid binding sites have also been discussed in 
terms of one heterogeneous receptor in combination with the 


u and 6-receptor sites?*/+228, The kK, o and e-binding 
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sites were considered merely modifications of the primary 
and k-receptors. 

An interesting three state allosteric opiate recep- 
tor has recently been proposed229 5230 , The receptor 
accommodates a u-agonist, w-antagonist and an adenylate 
cyclase-coupled 6-agonist state. The equilibrium among the 
three possible states is mediated by Na‘, guanosine tri- 
phosphate (GTP) and the configuration of the receptor sulf- 


hydryl groups. Theyu-agonist-antagonist receptor (also 


p-Agonist 


Sec Nal é-Cyclase Coupled 
Nat 


Mor. = morphine 
Enk. = enkephalin 
Nal. = naloxone 


p-Antagonist 
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rererneds COMaASiHiy pees Cceptorms iis’ characterizedmbyehi gh] y 
discrete brain localization, receptor sulfide bonding and 
inti bation by- GIPae introduction? o fi Nat enhances 
y-antagonist binding at the direct expense of t-agonist 
binding. Adenylate cyclase/coupled 6-binding (Type II 
receptor) is promoted by GTP and slightly by Nat. The 
type II receptors are specific for enkephalins and are 
diffusely distributed in the brain. The model fails to 
explain the binding of partial agonist opiates or endogenous 
peptides such as 8-endorphin and dynorphin. 
In summary, opiate-opioid receptors can perhaps best 
be described as follows@?/: 
"It is possible to conceive different opiates bind- 
ing to the same receptor, even to the same receptor 
in different ways, so that subsequent disposition of 
the receptor becomes variable. Thus multiple recep- 
tors, receptor overlap, different receptor conforma- 
tions or some combination of these possibilities 
cure are all potential explanations of the data just 
discussed." 
A completely satisfactory model system which accommodates 


all known narcotic receptor information has yet to be 


developed. 


447525640 Receptor morphology. 


Despite the abundance of opiate-opioid receptor 


theories, little information concerning the gross and 
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detai ledjmorpholorpical features of narcotic receptors is 
available. The effects of protein modifying-reagents!?2»21/7 


and proteolytic enzymes*!8,219 


on receptor function 
discussed earlier indicate that an integral part of the 
ECCCpEOLeSEELUCTULCE1 SeDpLOLeIn. 

Lee and Smith“?! suggested a narcotic receptor 
composed of protein and lipid with the enkephalins binding 
to protein, opiate alkaloids to lipid and 8-endorphin to 
both. This proposal seems unlikely as protein modifying- 
reagents are known to affect opiate binding!9>,217, 
Macromolecular complexes which are partially composed of 
protein have been identified which bind etorphine?32 »233 


234. A recent study23° described an 


and enkephalin 
opiate receptor comprised of a larger and smaller structural 
entity in which the smaller receptor was considered a sub- 


unit of the larger. 


leeueeoRUG U structurally novel narcotic analgesics. 


Narcotic receptor biochemical and physiological data 
accumulated during recent years has increased mans under- 
standing of the mechanisms and control of pain. In addi- 
tion, the recent cascade of information concerning narcotic 
analgesics and endogenous opioids has accelerated the search 
for more potent analgesics having fewer undesirable side 
effects. The*information in the following discussion will 


focus on the development of narcotic analgesics during the 
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period 197, 7Rtemig3s2e 


AWARs ia LAW Analgesics based on the alkaloid nucleus. 


The excellent analgesia and relatively low addiction 
potential displayed by partial agonists such as buprenor- 
phine (LXXIII-c) encouraged research into the preparation of 
high efficacy-low addiction pain killers. Many structural 
modifications of the morphine nucleus, morphinan and 
6,7-benzomorphan structures have been devised in order to 


investigate their analgesic properties. 


DPesiie Srevlsel| Alterations of the morphine nucleus. 


Epoxidation of the olefinic bond of morphine (XV), 
codeine (LXI) and heroin (LXII) gives the corresponding 
7,8-oxide (LXXx1) 236, The analgesic potency of com- 
pounds LXXXI is approximately twice that of the correspond- 


ing parent compounds. 


N—CH, , 
(a), R=R = H (morphine 
O analogue) 
(57, R=CH 3 R’ =H (codeine 
: analogue) 
RO O ‘OR’ (c), R=R’=COCH3 (heroin 
analogue) 


LXXXI1 
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Portoghese and coworkers23/ +238 synthesized the 
long-acting narcotic antagonist chlornaltrexamine (LXXXII). 
The reactive bis-(chloroethyl) amino group undergoes an 
alkylation reaction with the opiate receptor. A single dose 
of chlornaltrexamine therefore may have antagonistic 


activity for as long as three days. 


y—cH—<] 
an» 


HO O N{CH,CH,Cl), 


LXXXII 
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239,240 investigated 


Pasternak and coworkers 
another long-acting narcotic antagonist. Naloxazone 
(LXXXIII-a) is a hydrazine derivative of naloxone which 
binds covalently to the opiate receptor and remains active 
for periods of up to three days. The hydrazine derivates of 


oxymorphone234»240 | oxymorphazone (LXXXIII-b) exhibit 


long-acting agonist properties. 


N—R | 
( Ho. (a), R = -CH>CH=CH, 
Se 
HO O N—NH, 
1.0.0.6 m mE 


The N-sec-alkyl and N-tert-alkyl normorphines 
(LXXXIV) prepared by alkylation of normorphine exhibit 
interesting analgesic properties24!, The tert-alkyl 
derivatives LXXXIV a-c are devoid of both agonist and 
antagonist activity while the sec-alkyl compounds LXXXIX d-e 
are partial agonists. The (S)-isomer of LXXXIV-d displays 


analgesic activity similar to morphine and antagonist 
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effects comparable to nalorphine. 


N—R (a), R= C(CH3) 5CHaCH3 


(b), R = C(CH3) 9CH=CH> 


a ia) ND BRAS SOAS She 


HO O OH (a), 


ve) 
i] 


CH (CH3) CH>CH3 
(e), R = CH(CH,CH3)>5 


LXXXIV 


Herts esliee Alteration of morphinan and 6,7-benzomorphans. 


The synthesis and analgesic properties of tetra- 


hydrofuranobenzomorphans(LXXXV) and 8-oxamorphans (LXXXVI) 
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CH, 


HO 


LXXXV LXXXVI 
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have been described*42»243, The analgesic activity of 
LXXXV is one-third that of LXXXVI when the R group for both 
Lsameciiy . aelnconpoOmaeLonwon tlanger alkyl. orgeycloalky1 ER 
substituents provides partial agonists with good activity. 
The 5-phenyl-6,/7-benzomorphan (LXXXVII1) deriva- 
tives?44-246 act as narcotic Opiates. The N-methyl 
analogue (LXXXVII-a) is a partial agonist possessing two to 
five times the analgesic potency of morphine. The 


N-phenylethyl compound LXXXVII-d is a weaker 


oe (a), R=CH, 
Gb)", R=CHy CH=C (CH3 ) 9 
Me (c), R=CHy-c-C,H 
“y. (d), R=CHyCHoPh 
HO (CEI) R= G5 G=Ch 


LXXXVII 


analgesic than the N-methyl derivative and shows no antagon- 
istic action. Partial agonist activitysis demonstrated by 
LXXXVII-b and c24° while the N-propargyl compound LXXXVII-e 


US@aupuLesharcocic antagonist“4°, 


- “a 
| ‘iaetbenial 
ao Y3iv tiem 4 piaie Ont - i are 
; nee 
ay TERS , <7 d30s -T. et 
daad x02 euetp™ “A _ iii per : gee : =e te 
se 


Se ma 


# (valésolfoys, zo tit regrs , te motzsx0qz028 ~~ aan 
¥2ivEIee cos detv pineal deiazn4 vohonen ines biedus 
phd: CREM ag sebiansd-S,dateaa-e 3 
iy ipya~ it afl ,estahye Stanger se noel sensi 
wbadeaeds sainegs febs seie el (é-Etwcoay ouge nen 

s7 .actdysem Jo yonemdg sizegiaak 93 ~— > 


touHeeW Bet Sa, bueoymo> fegsete y= 
7 


re 1 hel 


7 


HRD) , CB) 
HIRD = ila Ga 


64 


A novel series of 6,/7-benzomorphans possessing 
structural features similar to the narcotic opiates 
etorphine, diprenorphine and buprenorphine (LXXIII) has been 
synthesized24/-249 , Compounds LXXXVIII are devoid of 
any analgesic agonist activity but exhibit three to five 
times the antagonist activity of nalorphine?48 +249 | 
Compounds containing an N-methyl substituent generally act 
as agonists. Therefore, LXXXVIII represents a rare example 
of a N-methyl substituted pure narcotic antagonist. The 
corresponding alkanones LXXXIX exhibit a wide spectrum of 


narcotic analgesic activities?4?, Compounds containing 


N-CH, 
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n-propyl (LXXXIX-a) or n-butyl (LXXXIX-b) R substituents are 
twenty to thirty times more potent than morphine and possess 
little or no antagonistic activity. The n-pentyl derivative 
LXXXIX-c is a partial agonist with analgesic activity three 


times that of morphine. 


1 tli Steal Structural modifications not based on a morphine 


nucleus. 

A variety of structurally novel narcotic analgesics 
have been developed featuring a basic amino center and an 
aromatic nucleus. Piperidine compounds represent a particu- 
larly PMmpOLtCaltuclass, OL alalgesicsuotethicmuy pe. lhe 
3,3-disubstituted piperidines XC are analgesics based on the 


DEL 


structure of meperidine The m-hydroxy phenyl 


isomer is the most potent derivative with an activity one- 


tenth that of morphine and equivalent to meperidine. 
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Cheng and coworkers??2 


investigated the quanti- 
tative structure-activity relationships of aromatic esters 
of 1-methyl-4-piperidonol (XCI). The 3,4-dimethoxyphenyl 


derivative is the most potent compound showing analgesic 


co.{ hen, 


XG 


activity comparable to morphine. Cheng concluded that XCI 
required the following structural features in order to 
obtain maximal analgesic activity: 

(a) the absence of ortho-phenyl substitution. 


(b) meta- and para-substituents with good hydrogen- 


bonding acceptability and minimal width to mini- 
mize steric hindrance 
(c) N-substituents no larger than a methyl group. 
Nalorphine-like properties are evident for the 
2,3-dimethyl-3-arylpiperidines XC11293. The N-allyl 
and N-cyclopropylmethyl derivatives behave as pure narcotic 
antagonists. 
N,N-Disubstituted piperazines XCIII are potent 
analgesics224-296, When R is 3-hydroxy2>*, XCIII 


is an analgesic 25-55 times more active than morphine 
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OH 


Xe Pr 


Ph 


| a. 
( )-cH.tH—n N- (eH) 
R wu o 


XC es gues ay ye Wee ©) 


sulfate. Incorporation of a 4-OH or 4-H R substituent pro- 


vides analgesics equipotent with morphine sulfate??? 26, 


Clarke and coworkers#?/ 1228 prepared tropane-3- 


carboxylic esters XCIV which exhibit narcotic analgesic 


ROLY XCV R =H, CH3, 


n-Cs5Hjqy 
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activities. Those compounds, having an exo-aromatic group on 
C-2 and an endo-carbomethoxy group at C-3, are narcotic 
antagonists devoid of analgesic action22’. Narcotic 
antagonist activity is not generally exhibited in opiates 
bearing an N-methyl substituent. The exo-2-thienyl-exo-3- 
carbomethoxy tropanes XCV are narcotic agonists having twice 
the activity of codeine228. A 60-80% reduction in 
blood glucose levels is also effected by XCV. Nalorphine 
antagonizes the analgesic properties of XCV but does not 
influence the hypoglycemic action. 

A recent report describes an extremely potent opiate 
analgesic containing a basic nitrogen atom attached directly 


to a central carbon atom@-?. 


The trans-amino cyclo- 
hexanol XCVI is 104 times more potent than morphine 


sulfate. The agonist activity is blocked by naloxone. 
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1-methyl-2-benzyl-4-phenyl-1,2,5,6-tetrahydro- 
pyridine (XCVII) possesses analgesic activity similar to 


codeine yet is free of physical dependence liabilities24®. 


oes ae Testing for antinociception in opiates. 

A variety of antinociception tests have been devised 
for analgesic compounds and several are commonly used with 
narcotic opiate analgesics. u-Agonists are effective 
analgesics in heat (mouse hot plate and rat tail flick) and 
non-heat (mouse writhing and rat paw-inflamed) tests20, 
k-Agonists are less effective in nociception heat tests 
although analgesic responses can be demonstrated using non- 
heat methods. o-Agonists are inactive in both tests26!, 

The phenylquinone and/or acetic acid writhing tests 
are especially useful for opiates. In general, potency as 
measured by writhing tests is directly proportional to 


262. These tests are also accurate 


261 


clinical potency 
indicators of narcotic antagonist and partial 

agonist activities¢°*. Caution must be used in the 
interpretation of results from the phenylquinone writhing 


263, For 


test in order to avoid false positives 
example, physostigmine, pilocarpine and phenoxybenzamine 
which are atypical analgesics demonstrate analgesia in low 


doses in this test. 
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1.69707, 02.0 The chemistry of azaphenothiazines. 
Phenothiazine (XCVIII) was accidentally discovered 
in 1883 during Bernthsen's structural studies of thiazine 
dyes264, This discovery led to the development of 
10-dialkylaminoalkyl phenothiazines with medicinal proper- 
ties such as tranquilizing, antihistaminic and antiemetic 
activities. In 1945 Petrow and Rewald2® synthesized 
1-nitro-3-azaphenothiazine (IC), the first heterocyclic 


analogue of a phenothiazine. In a detailed review describ- 


ing the chemistry and pharmacology of azaphenothiazines, 
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Okafor2®® outlined the many advances made in the 
l-azaphenothiazine system. The following discussion will 
focus on some general aspects of azaphenothiazines and will 
emphasize recent developments in the largely unstudied 


3-azaphenothiazine group. 
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hs SP AOL a8 Synthesis of the azaphenothiazine nucleus. 


The Smiles rearrangement and subsequent ring closure 
is the most successful procedure for the preparation of 
azaphenothiazines reported to date. The Smiles rearrange- 
ment can be described as a nucleophilic aromatic substitu- 
tion and involves the migration of an aromatic ring from one 
heteroatom to another. The majority of azaphenothiazines 


are synthesized by these reactions*©®, yale and 


Sowinski2©/ 


prepared 1-azaphenothiazine using the 
Smiles rearrangement reaction followed by cyclization of the 
heterocyclic sulfide with potassium hydroxide in acetone and 


95% ethanol. 
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The most successful synthesis of 2-azaphenothiazine 
(C) reported to date is achieved by direct CVClizatloneol Gl 


using cuprous iodide and anhydrous sodium carbonate at 180- 
199°268 | 
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ae Ge Aa) Reactions of azaphenothiazines. 
Aminoalkylation of the N-10 nitrogen is readily 


accomplished. A common procedure involves heating the N-10 
azaphenothiazine anion and an excess of an aminoalkyl 
chloride at reflux in a high boiling solvent for an extended 
period of time267,269,270, Alkylation of 3-azapheno- 
thiazine with 3-dimethylaminopropyl chloride in the absence 


of strong base affords 3-(3-dimethylaminopropyl)-3- 
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azaphenothiazinium chloride (c11)279, Treatment of CII 


with aqueous alkali yields the corresponding anhydronium 


base CII Ik. 


(Coal Bi 


Reactionsof 10-substituted-1l-azaphenothiazines CIV 
with n-butyllithium and an electrophile such as methyl- 
chloroformate or diethylchlorophosphate generally afford the 
1,2-dihydropyridine CV and a small amount of 4-substituted - 


azaphenothiazine cyv1271,272, 


The reactivity of the 
electrophile influences the product distribution in this 
reaction. For example, treatment of CIV with n-butyllithium 


and the less reactive trifluoromethanesulfonyl chloride 


yields CVil and CVIII in a’ 1:3 ratio2/¢. 
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R=as above for CIV 


Literature concerning 3-azaphenothiazines in the 
last decade is sparse. A single communication on the 


synthesis of CX from the benzothiazine CIX has been 


described2/3, 
R 
sl = Z~N 
N S { S O 
H CN 


CIxX CX 
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Tre bO0 012.0 The pharmacology of azaphenothiazines. 


The pharmacology of azaphenothiazines has been 


reviewed266 274, 


The marked medicinal properties of a 
number of 1l-azaphenothiazine analogues has encouraged 
further investigations into azaphenothiazine chemistry and 
pharmacology. Prothipendyl (CXI-a) is an antihistaminic 
which is more potent than the corresponding phenothiazine 
analogue?®®, Isothipendyl (CXI-b), pervetral (XCI-c) | 

and pipazethate (CXI-d) are employed as antihistaminic, 


antiemetic and antitussive agents, respectively. In contrast 


to chlorpromazine“/>?, the analagous introduction of 


(a), R 


| (b), R CH2CH (CH3)N(CH3), 


LLB 
" N (c), R= CO,(CH5),0(CH,),-N ) 


LEX 
(d), R= (CH) 3-N N- (CH) 50H 


Cred 


chorine at the C-2 position of CXII results in a marked 


reduction of pharmacological activity. 
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CH.) NCH), du) NCH), 


Chlorpromazine Cxin 


The corresponding 3-azaphenothiazine analogue of 
CXI-a, 10-(3-dimethylaminopropyl)-3-azaphenothiazine (CXII), 
has been patented for antidepressant properties~/6 des- 
pite the fact that its dihydrochloride salt is essentially 
inactive as a tranquilizing agent2/9, The antihista- 
minic properties associated with CXI-a and CXI-b are not 
exhibited by cx112/7, The azaphenothiazinium chloride 
(CII) is a potent hypotensive agent2/9,278,279 | Other 
related phenothiazinium salts CXIII-a, CXIII-b and CXIII-c 


also reduce high arterial blood pressure but the effects are 


less marked and more transient than those observed with 


cr12/0, 
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2.0.0.0.0 OBJECTS OF RESEARCH 

The [3 + 2]cycloaddition reaction of dienophiles 
with alkenes and alkynes is an interesting and simple method 
for the preparation of novel heterocycles with potential 
pharmacological activities. The addition of organic azides 
to N-unsubstituted- and N-substituted-1 ,2-dihydropyri- 
dines!48-150 affords fused aziridine-tetrahydropyridine 
bicyclics possessing analgesic and antimicrobial proper- 
ties!99, It was therefore of interest to extend the 
scope of this reaction to include the 1,3-dipolarcyclo- 
addition reaction of selected organic azides with enamines 
such as N-substiuted-1,4-dihydropyridines. The products 
obtained from these reactions would be fused triazoline- 
tetrahydropyridine and/or aziridine-tetrahydropyridine 
Dicyclics. — (nvaddition, simplescyclicyenamines such as 
N-alkyl-1,2,3,4-tetrahydropyridines would be expected to 
undergo a cycloaddition reaction with organic azides to 
give either fused aziridine-piperidine bicycles and/or 2- 
or 3-substituted piperidylidenes. The analgesic and anti- 
microbial activities of these compounds would be of interest. 

Elaboration of the fused pyridine ring system pre- 
sent in the pharmacologically active 10-substituted-10H- 
pyrido[3,2-b][1,4]benzothiazines using organolithium reagents 
has been investigated2/1»272, It was therefore also of 
interest to investigate the synthesis of other reduced 


pyridobenzothiazines by reduction of 10-substituted-10H- 
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pyrido[3 ,4-b][1,4]benzothiazines by a variety of reduction 
procedures. It was hoped that these reduction products 
would exhibit pharmacological activity themselves or perhaps 


act as pro-drugs. 
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3.0.0.0.0 DISCUSSION 


3.1.0.0.0 Reaction of 1-methyl-1,4-dihydropyridine with 
organic azides. Synthesis of 2-methyl-2,7-diaza- 
bicyclo[4.1.0Jhept-3-enes. 
The enamine 1-methyl-1,4-dihydropyridine (XLIII1) 
was prepared by lithium aluminum hydride reduction of 1- 
ethoxycarbonyl-1 ,4-dihydropyridine in refluxing ether?4, 
Subsequent reaction of an ethereal solution of XLIII with 
one molar equivalent of cyanogen azide in acetonitrile 
afforded 2-methyl-7-cyano-2 ,7-diazabicyclo[4.1.0]hept-3-ene 
(CXIV) in 99% yield. 
| The bicyclic CXIV arises from the 1 ,3-dipolarcyclo- 
addition reaction of cyanogen azide with the enamine carbon- 
carbon double bond. The most probable mechanism for the 
cycloaddition is shown by equation (1). This reaction 
involves the formation of an unstable triazoline intermediate 
which undergoes decomposition and concomitant loss of nitro- 
gen to produce the bicyclic product CXIV. If the reaction 
pathway is under electronic control, the nitrogen atom 
bearing the cyano group should be directed to the carbon 
of the enamine bond bearing the ring nitrogen(1)289, 
Hermes and Marsh have demonstrated that the triazolines of 
strained cyclic olefins decompose primarily to aziridines!4/, 
Decomposition of the triazoline adduct therefore occurs as 


predicted(1). 
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The nmr spectrum(6) of CXIV exhibits a 2H multiplet 
at 2.5 due to the Cx-H, a 2H multiplet at 3.15 attributed to 
CliceC -HeandeU--H ay jiesi gic tat So jeduestomchemmethya), a 
1H multiplet ascribed to the C,-H at 5.5 and a doublet 
(J3 4=8Hz) of doublets (J3 5=2Hz) of doublets (J3 5=2Hz) 
at 6.1 assigned to the C3-H. The infrared spectrum shows 
the presence of a cyano group (2190 cm7!) and an olefinic bond 
(1665 em7!), The mass spectrum of CXIV exhibits a molecular 
ion at m/z 135(Exact mass cale’d for C7HoN3: 135.0796; found 
(high resolution ms): 135.0797). Fragmentation of the mole- 
cular ion occurs by two major pathways (Scheme V). Loss of a 
methyl radical gives rise to a peak at m/z 120(CeHEN3*) « The 


peak at m/z 68(C,HeN”) arises from the loss of a hydrogen 
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radical from the molecular ion followed by the expulsion of 
N-cyanoazirine via a retro Diels-Alder fragmentation mechan- 


Site 


Scheme V: Major fragmentations of 2-methyl-7-cyano-2,7-diaza- 
bicyclo[4.1.0]hept-3-ene (CXIV). 
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The reaction of a variety of sulfonyl azides with 
1-methyl-1,4-dihydropyridine (XLIII) was also investigated. 
The resulting 2-methyl-7-substituted-2,/7-diazabicyclo[4.1.0]- 
hept-3-enes obtained following the 1,3-dipolarcycloaddition 
reaction of XLIII with cyanogen and sulfonyl azides are sum- 
marized in Table I. The nmr, ir and mass spectral data of 


CXV to CXVIII inclusive are in accordance with the assigned 
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Table I: Synthetic data for 2-methyl-7-substituted-2, 7- 
Ciazabicyclo (4. iC) nept-s—enes. 


@ as RN ——» [fF W-R 
N . ji 


CH, CH, 
Compd R ield (3%) Meee? 
CXIV CN NS) 67-69 
CXV CH3505 96 10-72 
CXVI PhSO9> 98 2 Se) 
CXVII 4-NH9-C¢Hy,-S05 oF 188-190 
CXVIII 4-CH3CONH-C¢Hy-SO> 94 177-179 


structures. Elemental analyses (C, H and N) of all con- 
pounds in Table I were within 0.4% of theory. 

The 1,3-dipolarcycloaddition reaction of 1-methyl- 
1,4-dihydropyridine (XLIII) with organic azides, other than 
cyanogen- or sulfonyl-azides did not proceed. For example, 
the addition of an etheral solution of benzoyl azide to one 
mole equivalent of XLIII in ether afforded only starting 
azide and intractable material. Similar results were 
obtained for the reactions of methoxycarbonyl azide and 
phenyl azide with XLIII. The electron withdrawing proper- 
ties of cyano and sulfonyl groups increase the electrophilic 


character of the azide functionality. Cyanogen and sulfonyl- 
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azides both exhibit enhanced reactivity with the electron 
rich enamine double bond. Methoxycarbonyl azide which is 
generally considered an activated azide apparently is not 
reactive enough to undergo a cycloaddition reaction with 
1-methyl-1 ,4-dihydropyridine. 

Reaction of 1-ethoxycarbonyl-1 ,4-dihydropyridine 
with one equivalent of methanesulfonyl azide at 25°C for 
36 h yielded only starting materials. An electron attract- 
ing ethoxycarbonyl moiety present on the ring nitrogen 
reduces the nucleophilic character of the enamine double bond. 
The decreased reactivity of the olefinic bond present in 
1-ethoxycarbonyl-1,4-dihydropyridine precludes the 1,3- 
dipolarcycloaddition reaction with organic azides. 

The 1,3-dipolarcycloaddition reaction of XLIII with 
five mole equivalents of methanesulfonyl azide afforded 
only 2-methyl-7-methanesulfonyl-2,7-diazabicyclo[4.1.0]- 
hept-3-ene (CXV). A product resulting from addition of 
methanesulfonyl azide across both the Co-C3 and C5-C¢ 
double bonds "Or XULEPr was *notetomed fesineada it Lon MuCcXxV. 
did not react further with methanesulfonyl azide. The addi- 
tion of methanesulfonyl azide to the C3-C, olefinic bond of 
CXV may be hindered by steric effects and/or the enamine 
bond may be deactivated electronically. A Dreiding model of 
CXV indicates that methanesulfonyl azide may be hindered in 
its approach to the olefin by the aziridine N-substituent. 


In addition the fused aziridine ring of CXV may cause 
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sufficient deactivation thereby preventing the enamine from 


reacting. 


3.2.0.0.0 Hydrogenation of 2-methyl-7-methanesulfonyl-2,/7- 
diazabicyclo[4.1.0]hept-3-ene (CXV). Synthesis 
of 1-methylpiperidylidene-2-methanesulfonamide 
(CXIX). 


The hydrogenation of 2-methyl-7-methanesulfonyl-2,7- 


diazabicyclo[4.1.0]hept-3-ene (CXV) with 10% palladium on 
charcoal in 95% ethanol using hydrogen gas at 30 psi 
afforded 1-methylpiperidylidene-2-methanesulfonamide (CXIX) 
in 98% yield. The formation of CXIX probably occurs by the 
reduction of the olefinic bond of CXV followed by aziridine 
ring opening and migration of the C,-H (2). Opening of 

the aziridine ring intermediate and migration of the C¢-H 
would afford a 3-substituted piperidylidene. The nmr, ir 
and mass spectral data for the product obtained from the 


reduction of CXV supports structure CXIX rather than CXX. 


The nmr spectrum(é) of CXIX exhibits a 4H multiplet 


Atel Ooeduesto the C)-H and Co-H an SH multiplet oat 3.1 
assigned to the C3-H, SOj9CH3 and NCH3 and a 2H multiplet at 
3.4 due to Cg-H. The structure CXX is unlikely since a 
Cy-H would absorb further downfield than the observed 3.4 6 
The infrared spectrum of CXIX shows the presence of an 
imino group at 1590 cm7!, The mass spectrum of CXIX 


exhibits a molecular ion at m/z 190 (Exact mass calc'd for 
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H, 
N~SOCH, 5% Pale?” N-SO,CH, 
N N~6 
| | 
CH; CH, 
CXV 
(2) 
N-SO,CH, 
" 
CH, 
obo. CXIx 


C7H14N7037S: 190.0776; found (high resolution ms): 
190.0787). The major fragmentation of the molecular ion 
occurs by loss of a methanesulfonyl radical giving rise to 


the base peak at m/z111 (Scheme VI). 
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Scheme VI: Mass spectral fragmentation of 1-methylpiperidyl- 


idene-2-methanesulfonamide (CXIX). 
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Seo7O 0s | 5-Diposarcycloadd  Clonmreaccilons Of 1—-alkyl-— 


1,2,3,4-tetrahydropyridines with cyanogen and 


sulfonyl azides. 


The 1,3-dipolarcycloaddition reaction of cyanogen 
and sulfonyl azides with 1,2-dihydropyridines afforded 2,7- 
diazabicyclo[4.1.0]hept-4-enes in high yield!48-150, A 
similar cycloaddition reaction for 1-methyl-1,4-dihydropyri- 
dine has been discussed in the thesis earlier. The results 
indicate that cyclic enamines possessing a N-hydrogen(alkyl1) 
substituent usually undergo 1,3-dipolarcycloaddition reac- 
tions with highly reactive organic azides. In a similar 
manner, cyanogen and sulfonyl azides would also be expected 


to undergo 1,3-dipolarcycloaddition reactions with N-alkyl- 
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1,2,3,4-tetrahydropyridines to afford 2,7-diazabicyclo- 


[4.1.O0]heptanes and/or 2-(3-)piperidylidenes. 


3.3.1.0.0 Reaction of 1-methyl-1,2,3,4-tetrahydropyridine 
with cyanogen and sulfonyl azides. Synthesis 
of 1-methylpiperidylidene-2-cyan(sulfon) amides. 


The unstable enamine 1-methyl-1,2,3,4-tetrahydro- 
pyridine (LIII) was prepared by isomerization of 1-methyl- 
1,2,3,6-tetrahydropyridine using potassium tert-butoxide!40, 
Subsequent reaction of an ethereal solution of LIII with a 
slight molar excess of cyanogen azide in acetonitrile gave 
1-methylpiperidylidene-2-cyanamide (CXXI) as a white solid 
Ineo woeyLeld.ssRiechlesand Rosenberger! >! reported that 
reaction of 1,6-dimethyl-1,2,3,4-tetrahydropyridine with 
tosyl azide afforded only 1,3-dimethylpiperidylidene-2- 
tosylsulfonamide. The reaction of LIII with cyanogen 
azide occurred in a similar manner to give CXXI. No product 
corresponding to 1-methylpiperidylidene-3-cyanamide was 
obtained. 

Additional evidence for the formation of 2-substi- 
tuted piperidylidenes from the reaction of LIII with organic 
aides was obtained by the acid hydrolysis of 1-methyl- 
piperidylidene-2-cyanamide (CXx1)28!, Treatment of 
CXXI with 10% aqueous sulfuric acid in methanol gave 1- 
methyl-2-piperidone (CXXII) in 55% yield. The ir and nmr 


spectra of CXXII were identical to those of an authentic 


CXXII 
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sample. The formation of CXXII must arise from the pre- 
cursor 1-methylpiperidylidene-2-cyanamide (CXXI). Acid 
hydrolysis of 1-methylpiperidylidene-3-cyanamide would have 
given rise to 1-methyl-3-piperidone. 

The 1,3-dipolarcycloaddition reaction of LIII with 
cyanogen azide may proceed by a number of mechanisms as 
illustrated by Scheme VII. All of the plausible pathways 
involve the loss of nitrogen from an unstable triazoline 
intermediate. 

Pathway A involves the initial formation of an un- 
stable triazoline intermediate. The triazoline adduct could 
then lose nitrogen to give an aziridine-piperidine bicyclic 
which undergoes a C-1 hydrogen migration to afford CXXI. 
Evidence supporting this mechanism involves reaction of 
1-methyl-1,4-dihydropyridine with cyanogen azide. The pro- 
duct from this reaction is the aziridine bicycle 2-methyl- 
7-cyano-2 ,7/-diazabicyclo[4.1.0]hept-3-ene (CXIV). The 
formation of CXIV likely occurs in a manner similar to that 
illustrated in Pathway A. In addition, hydrogenation of 
2-methyl-7-methanesulfonyl-2,7-diazabicyclo[4.1.0]Jhept-3-ene 
(CXV) affords 1-methylpiperidylidene-2-methanesulfonamide 
(CXIX). The formation of CXIX must involve an intermediate 
similar to structure A-1 along Pathway A. 

Pathways B and C are also possible explanations for 
the formation of CXXI. Ritchie and Rosenberger!?! favored 


a mechanism similar to pathway B to explain the formation 
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Scheme VII: Possible mechanisms for the formation of 


l-methylpiperidylidene-2-cyanamide (CXXI). 
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of 1,3-dimethylpiperidylidene-2-tosylsulfonamide from the 
reaction of 1,6-dimethyl-1,2,3,4-tetrahydropyridine and 
tosyl azide. This work was discussed earlier in the intro- 
duction. McMurray and Coppolino282 favor a concerted 
mechanism similar to pathway B to explain the formation of 
the product obtained from the reaction of methylene cyclo- 
hexane with cyanogen azide which gave only a ring expansion 


product(3). The seven membered ring could also arise from 


N—N 


\ 
CH, (Koren | ec 


CNN3 - No 
ee oe 


the zwitterionic intermediate as shown by pathway C. This 
mechanism is less likely since some aziridine would also be 
expected. 

Hermes and Marsh!4/ favor a zwitterionic inter- 
mediate for the addition of cyanogen azide to olefins. A 
possible ionic intermediate has been intercepted in the reac- 
tion of cyanogen azide with norbornene and benzoic acid(4). 
The benzoate is possibly formed by protonation of the 
diazonium cyanamide, loss of nitrogen and attack of the 
benzoate ion at the 7 position of the resulting carbonium 


ion. Abramovitch and co-workers“83 have investigated the 
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NHCN 
NCN 
aps OCOC,H,; 
ee ae RW cage so 
2 PhCO5H 
elena (4) 
2 
Z25-% 


reaction of p-nitrobenzenesulfonyl azide with dienes. 
Additionvot this azide to 1)5-hexadiene gives rise to 
three products whose formation is explained by a zwitter- 


ionic intermediate(5). 


A 


vier oe we 
Rows: ~~ 


: 5 
styl b\w vinyl (>) 
ArN- 


Lic saad. 


Ar = p-nitrobenzenesulfonyl 


whe. 4 f : a 
.aeeai6 dziw ebtse. Lyao? {vaansaenedo1rsin-g to notions a 
‘i - : 2 — 
2) szix sevig otelbsxed-¢,f 09 sbiss eka te aotsibba 
~is)J iva a yd beetoles® a2 dorgemre’ seonw esopiorq sori: 


< oe = Sm. a 7 7 
os “ - (2) ssstbonrrsini otdok 
me 2 | -_ 7 ‘ 


95 


At the present time no one particular pathway can be 
favored nor can one be eliminated. Isolation or detection 
of intermediate A-1 along pathway A or the zwitterionic 
species shown in pathway C would result in a better under- 
standing of the mechanism of the 1,3-dipolarcycloaddition 
of 1-methyl-1,2,3,4-tetrahydropyridine with organic azides. 

The 1,3-dipolarcycloaddition reactions of cyanogen 
azide and a variety of sulfonyl azides using one mole 
equivalent of 1-methyl-1,2,3,4-tetrahydropyridine (LIII) 
afforded 1-methylpiperidylidene-2-cyan(sulfon)amides as the 
sole product (see Table II). The 1-methylpiperidylidene-2- 
cyan(sulfon) amides listed in Table II are likely formed by 
one of the mechanisms outlined in Scheme VII. The nmr, ir 
spectra and elemental analyses (C, H and N) for the com- 
pounds listed in Table II are in accordance with their pro- 


posed structures. 


3.3.2.0.0 Reduction of the nitro group of 1-methylpiper- 
idylidene-2-(3-(2-)nitrophenyl) sulfonamide. 
Synthesis of 1-methylpiperidylidene-2-(3-(2)- 


aminophenyl) sulfonamide (CXXXIII) and (CXXXIV). 


284 was used to reduce 


The procedure of Bovin 
the nitro group of 1-methylpiperidylidene-2-(3-nitropheny1)- 
sulfonamide (CXXVIII). A suspension of CXXVIII, 10% pal- 
ladium on charcoal and 85% hydrazine hydrate in 95% ethanol 


was stirred at 25°C for 16 h to give 1-methylpiperidylidene- 
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2-(3-aminophenyl)sulfonamide (CXXXIII) in 76% yield. The 
assigned structure is in agreement with its nmr, ir spectra 
and elemental analysis (C, H and N). 

Reduction of the nitro functionality of 1-methyl- 
piperidylidene-2-(2-nitrophenyl)sulfonamide (CXXIX) required 
more vigorous conditions than required for the 3-nitro 
group of CXXVIII. The steric interaction of the nitro- and 
sulfonyl groups of CXXIX partially inhibits the palladiun- 
hydrazine complex from interacting with, and consequently 
Leduciues thesnitromrfuncrionalitye. A muxture of CxXx 1X 9107 
palladium on charcoal and 95% hydrazine required heating at 
reflux for 24 h to afford 1-methylpiperidylidene-2-(2-amino- 
phenyl)sulfonamide (CXXXIV). The ir, nmr and ms data confirm 


the assigned structure. 


3-NH>5 


CXXXIV eR 


2-NH> 
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3.3.3.1.0 Synthesis of 1-(2-phenylethyl)-1,2,3,6-tetra- 


hydropyridine (CXXXV) and 1-(2-phenylethyl)- 


1,2,3,4-tetrahydropyridine (CXXXVI). 


One mole of 2-phenylethyl bromide and two moles of 


1H-1,2,3,6-tetrahydropyridine were allowed to reflux using 
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toluene as solvent to yield 1-(2-phenylethyl)-1,2,3,6-tetra- 
hydropyridine (CXXXV) as a colorless oil. Subsequent iso- 
merization of CXXXV with potassium tert-butoxide in anhy- 
drous dimethyl sulfoxide for 48 h at 90°C afforded the un- 
stable 1-(2-phenylethyl)-1,2,3,4-tetrahydropyridine (CXXXVI) 
in 93% yield (6). 


C K* OtBu i 
aan coal 
N DMSO x 


C,H; C,H; 
CXXXV CXXXVI 


The nmr spectrum(§) of CXXXV exhibited a 2H multi- 
pletjat.2.25due\to the C3-H, a 6H multiplet at 2.7 attri- 
buted toe theyCo=NaandethesN-ethy le maschemultipleteate3T05 
due to the Ce-H, a 2H multiplet at 5.7 assigned to C,-H and 
Cs-H, and a broad 5H absorption at 7.2 assigned to the phenyl 
protons. The nmr spectrum(é) of CXXXVI is significantly 
different from that of CXXXV. The C3-H and C,-H both appear 
asu2Hemultiplets at 1.9 and 2.1 respectively, the 6H multi- 
plet at 2.8 is assigned to Co-H and N-ethyl, the 2H multi- 
pletaateorve@isi duel to Cs5-H and Ce-H, and a 5H multiplet 
at 7.2 is attributed to the phenyl protons. The high resolu- 


tion mass spectrum of CXXXV did not display a molecular ion, 
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however, the chemical ionization mass spectrum exhibited the 
pseudomolecular ion (M+ 1)* at m/z 188. The 1% 2658 4- 
tetrahydropyridine CXXXVI exhibits a molecular ion at m/z 
to JmGExactemass calc’ detor C13H,7N: 187.1361; found 

(high resolution ms): 187.1359). Loss of a benzyl radical 
from the molecular ion of CXXXVI gives rise to the base peak 


at m/z 96 (CeHy oN*) C7) 


= GQ #-G 
a rr y 
N N 


N } (7) 
CH, 
Ph Ph 
CXXX VE m/z 187(6%) m/z 96(1003) 


3.3.3.2.0 Reaction of 1-(2-phenylethyl)-1,2,3,4-tetrahydro- 


pyridine (CXXXVI) with aromatic sulfonyl azides. 


The reaction of 1-(2-phenylethyl)-1,2,3,4-tetra- 


hydropyridine (CXXXV1) with aromatic sulfonyl azides was 
performed in a manner similar to the reaction of 1-methyl- 
1,2,3,4-tetrahydropyridine with azides (see 3.3.1.0.0). 
Thus reaction of 4-chloro-, 4-amino- and 3-pyridylsulfonyl 
azide with CXXXVI gave 1-(2-phenylethyl)piperidylidene-2- 
(4-chlorophenyl)sulfonamide (CXXXVII), 1-(2-phenylethyl)- 
piperidylidene-2-(4-aminophenyl) sulfonamide (CXXXVIII) and 
1-(2-phenylethyl) piperidylidene-2-(3-pyridyl) sulfonamide 
(CXXIX) in 25, 29 and 23% yield respectively. Unreacted 


azide was also detected in all reactions. The nmr, ir 
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spectra and elemental analyses (C, H and N) of CXXXVII, 
CXXXVIII and CXXXIX are in accordance with their assigned 


SETUCCUTES. 


aur CXXXVII, R = C,H,-4-Cl 
N NSO,-R 


CARKV TILT R=) Clue SeNiS 
CXXXI XN Re spy ricaywl 
Ph 


3.3.3.3.0 Synthesis of 1[2-(4-nitrophenyl) ethyl] piperidyli- 
dene-2-(4-chlorophenyl) sulfonamide (CXL) and 1- 
[2-(4-aminophenyl) ethyl] piperidylidene-2-(4- 
chlorophenyl)sulfonamide (CXLI). 


Replacement of the N-methyl substituent in narcotic 
analgesics by a N-phenylethyl or N-(4-aminophenyl)ethyl 
group often results in an increased analgesic activity. 

For example, replacement of the N-methyl group in morphine 
by an N-phenylethyl substituent results in a fourteen fold 
increase in analgesic potency8), A compound of potential 
interest as an analgesic in the piperidylidene series is 

the N-(4-aminophenyl)ethyl compound CXLI. The simple reac- 
tion sequence used to prepare CXLI is shown in equation (8). 
Nitration of 1-(2-phenylethyl) piperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CXXXVII) was accomplished by reacting 


CXXXVII with concentrated nitric acid and 90% fuming nitric 
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a | (8) 


CXL CXLI 
acid at 25°C. The only product isolated from the reaction 
mixture was 1-[2-(4-nitrophenyl) ethyl] piperidylidene-2-(4- 
chlorophenyl) sulfonamide (CXL) in 61% yield. No product 


corresponding to the structure CXLII was detected. 


Cx 


The nmr spectrum(é) of CXL exhibited a 4H multi- 
plet at 1.75 due to the C,-H and Co-H, a 6H multiplet 
at 3.2 assigned to the C3-H, Ce-H and C7-H or Cg-H, a 3H 
triplet (J7 g=7Hz) at 3.68 due to the C7-H or Cg-H, and 


two sets of 4H multiplets at 7.4 and 8.0 attributed to the 
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orthochlorophenyl protons, orthomethylenephenyl protons and 


orthosulfonylphenyl protons, orthonitrophenyl protons, 
respectively. The ir spectrum shows the presence of an imino 
Prowpeclo7 U em7!) and a nitro group (1540 cm~! and 

1350 cm7!). 

Reduction Of the nitro proupein GxLero airord |1—|2- 
(4-aminophenyl) ethyl] piperidylidene-2-(4-chloropheny1l)sulfon- 
amide (CXLI) was effected using the procedure of Bovin284 
(Seeq5.5.2.0.0). 8ine assigned structure ror CKLT is in 


agreement with its nmr, ir and ms data. 


3.3.4.1.0 Synthesis of 1-cycloalkylmethyl(n-propyl, 
isobutyl)-1,2,3,4,-tetrahydropyridines. 


Narcotic analgesic agonists usually require an 
N-methyl tertiary amino group as an important structural 
feature. In contrast, narcotic antagonists and partial 
agonists replace the N-methyl functionality by larger N- 
alkyl or N-cycloalkyl groups. Naloxone, buprenorphine and 
butorphanol are typical antagonists and partial agonists 
which were discussed in the introduction. It was therefore 
anticipated that replacement of the N-methyl group in the 
1-methylpiperidylidene series by larger N-alkyl or N-cyclo- 
alkyl substituents would yield antagonists and/or partial 
agonists. 

The synthesis of 1-cyclopropyl(cyclobutyl)methyl- 


1,2,3,4-tetrahydropyridines is presented in Scheme VIII. The 
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acylation of 1H-1,2,3,6-tetrahydropyridine using cyclopro- 
panecarboxylic acid chloride in 10% aqueous sodium hydrox- 
ide afforded 1-cyclopropylcarbonyl-1,2,3,6-tetrahydropyri- 
dine (CXLIII) as a colorless oil. The carbonyl function- 
ality of CXLIII was reduced using lithium aluminum hydride 
in ether. The resulting product, 1-cyclopropylmethyl- 
1,2,3,6-tetrahydropyridine (CXLIV), was treated with 
potassium tert-butoxide in anhydrous dimethylsulfoxide to 
effect the synthesis of 1-cyclopropylmethyl-1,2,3,4-tetra- 
hydropyridine (CXLV). 1-Cyclobutylmethyl-1 ,2,3,4-tetra- 


hydropyridine (CXLVIII) was prepared in an analogous manner. 


Scheme Vile Preparation or) l-cyclopropy4 (cyclobuty!)methy 1— 
1,2,3,4-tetrahydropyridine (CXLV and CXLVIII). 
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The nmr, ir and ms data for the compounds shown in 
Scheme VIII are consistent with their proposed structures. 
The mass spectrum of 1-cyclopropylcarbonyl-1,2,3,6-tetra- 
hydropyridine (CXLIII) exhibits a molecular ion at m/z 151 
(Exact mass calcd for CgH,3NO: 151.0977; found 
(hoeheresolutionims): sl 5170999) 5 Fragmentation yofsthe 
molecular ion occurs by two major pathways (Scheme IX). 
Loss,opea 1,,2.,3,,0-teGrahydropynidine radical sives rise to 
a peak at m/z 69(C,H5O"). The peak at m/z 82 (CoHgN*) 
likely arises by the loss of a cyclopropyl radical followed 
by expulsion of carbon monoxide. Fragmentation of 1-cyclo- 
butylcarbonyl-1,2,3,6-tetrahydropyridine (CXLVI) proceeds in 


a similar manner. 


Scheme IX: Major fragmentations of l-cyclopropylcarbonyl- 
1,2,3,6-tetrahydropyridine (CXLIII). 
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The preparation of 1-n-propyl(isobutyl)-1,2,3,4,- 
tetrahydropyridine (CLVI and CLVIII) was accomplished in a 
manner similar to the synthesis of 1-(2-phenylethyl)-1,2,3,4- 
tetrahydropyridine (CXXXVI) (see 3.3.3.1.0). Thus reaction 
of 1H-1,2,3,6-tetrahydropyridine with 1-bromopropane 
afforded 1-n-propyl-1,2,3,6-tetrahydropyridine (CLV) 286 in 
67% yield. Isomerization of the olefinic bond present in 
CLV using potassium tert-butoxide gave 1-n-propyl-1,2,3,4- 
tetrahydropyridine (CLVI) in 51% yield. The preparation of 
1-isobutyl-1,2,3,4-tetrahydropyridine (CLVIII) was accom- 


plished in an analogous manner. 


R 
CLV, R = n-propyl CiV iF akhe—suapropy . 
CLV, R= 1sobutyL CLViILL, Ro = isobutyl 


3.3.4.2.0 Reaction of 1-cycloalkylmethyl (n-propyl, 
isobutyl)-1,2,3,4-tetrahydropyridines with 
aromatic sulfonyl azides. 


The addition of aromatic sulfonyl azides to one 
mole equivalent of 1-cycloalkylmethyl(n-propyl, isobutyl)- 
1,2,3,4-tetrahydropyridine was performed in manner previous- 


ly outlined (see 3.3.1.0.0). The synthetic data for the 
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resulting 1-cycloalkylmethyl (n-propyl, isobutyl) piperidyli- 
deneseareulisteqmitmianle lil.) The nmrj,ain spectrasandsthe 
elemental analyses (C, H and N) for the products listed in 


Table III are in accordance with their proposed structures. 


3.3.5.1.0 Preparation of 1-(2-propenyl)-1,2,3,6-tetrahydro- 
pyridine (CLXVI). 

Narcotic analgesic antagonists and partial agonist- 
antagonists often feature an N-allyl group which is an 
important part of their structure. Compounds such as 
naloxone (LXVII) and nalorphine (LXX) have proven useful in 
research and clinical practise28/, The preparation of 
Nee eaneer dys dence is of interest due to their poten- 
tial use as analgesic antagonists and agonist-antagonists. 
Pure narcotic antagonistic properties similar to naloxone 
or partial agonist-antagonist activities observed with 
nalorphine, would be expected if the N-allyl compound (CLXV) 


exerts its effect at a narcotic receptor. 
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The dropwise addition of allyl bromide to an 
ethereal solution of 1H-1,2,3,6-tetrahydropyridine and 
pyridine at 0°C provided 1-(2-propenyl)-1,2,3,6-tetra- 
hydropyridine (CLXVI) as a light yellow liquid in 62% yield. 
The nmr spectrum(S) of CLXVI exhibits a 2H multiplet at 
2.2 attributed to the C3-H, a 2H triplet (Jy 3 =6Hz) ate? .5 due 
to the Co-H, a 4H multiplet at 3.0 assigned to the C¢-H and 
Cyne each MuEtapleteacte)./2 duer to the CUg=H and a 3H 
multiplet at 5.85 due to the C,-H, Cx-H and Cg-H. The 
mass spectrum of CLXVI exhibits a molecular ion at m/z 123 
CExaccamascecal cede lor CgHy3N: 123.1048; found (high 
resolution ms): 123.1046). The mass spectral fragmentation 
of the molecular ion is shown by Scheme X. Loss of an 
allyl radical gives rise to a peak at m/z 82 (CoHgN*). The 
peak at m/z 96 (Ce Hy oN") likely arises due to the loss 


of an ethylene radical from the molecular ion. 


Scheme x. Major tragmentations Of 1—(2—prepeny |) —1) 2,37, 6— 
tetrahydropyridine (CLKXVIS) ss 
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3.3.5.2.0 Synthesis of E-1-(1-propenyl)-1,2,3,4-tetra- 
hydropyridine CLXVII). 

Treatment of 1-(2-propenyl)-1,2,3,6-tetrahydro- 
pyridine (CLXVI) with potassium tert-butoxide in dimethyl- 
sulfoxide at 90°C for 48 h afforded E-1-(1-propenyl)- 
1,2,3,4-tetrahydropyridine (CLXVII) as a brown liquid in 60% 
yield. The structure of CLXVII was consistent with the nmr 
spectrum. The nmr spectrum(é) of CLXVII exhibits a 3H doub- 
let (Jg 9=8Hz) at 1.60 attributed to the methyl, a 4H 
multiplet at 1.95 assigned to the C4-H and C,-H, a 2H 
Multipleteaty3 | oeducetouthesCo-Hiw agZHamultipletear.4.30 
assigned to the Cs-H and Cg-H, and a 2H multiplet at 6.0 
due to the C¢-H and C>-H. The mass spectrum of CLXVII shows 
the presence of a molecular ion at m/z 123 (Exact mass calc'd 


for CgH,3N: 123.1048; found Chighsresolutionsgms) = 72)23.1047). 
4 


The reaction of 1-methyl-1,2,3,6-tetrahydropyridine 
with strong base under anhydrous conditions afforded 1- 
methyl-1,2,3,4-tetrahydropyridine GLY Isl eet CON YeS Ung! Sigh Res tml 


step for the formation of LIII likely involves abstraction of 
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the active proton from the C-6 position of 1-methyl-1,2,3,6- 
tetrahydropyridine. Isomerization of the C-6 anion of 
CLXVIII-a to the C-4 position accompanied by double bond 
migration gives the intermediate CLXVIII-b. Treatment of 
CLXVIII-b with water affords LIII. 

Theoretically, treatment of 1-(2-propenyl)-1,2,3,6- 
tetrahydropyridine (CLXVI) with strong base may lead to 
abstraction of the active hydrogens at the C-6 and/or C-7. 
Several unstable intermediates (CLXVII, CLXIX, CLXX, CLXXI, 
CLXXIIL) may be formed as a result of proton abstractions at 
the Ce and/or C7 positions. The nmr spectrum(é) for the 
product obtained from the reaction of CLXVI with strong 
base shows the presence of a 3H doublet at 1.6 and a 2H 
multiplet at 6.0. The absorbance at 1.65 likely arises 
from a methyl group alpha to a carbon bearing a single 
hydrogen. The possible intermediate CLXX does not contain 
a methyl functionality or any group that would resonate as 
far upfield as 1.66 . The structure CLXX is therefore not a 


possible intermediate in the isomerization of CLXVI. 
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Olefinic protons normally absorb in the range of 4.0-5.556 288 | 
however, the presence of a heteroatom alpha to an olefinic 
carbon causes a downfield shift of the proton attached to 
that olefinic carbon. A 2H multiplet at 6.06 for the pro- 
duct arising from the isomerization of CLXVI indicates the 
presence of two olefinic protons on carbon atoms adjacent to 
the nitrogen. The isomeric intermediates CLXVII and CLXXII 
are the only structures which possess two olefinic protons 
capable of absorbing at 6.046. Alkene coupling constants 
suggest the formation of CLXVII as the only product. The 
coupling constant of 15 Hz for the exocyclic double bond of 
the. intermediate indicates that the E-isomer CLXVII was the 


only product formed. 


3.3.5.3.0 Reaction of E-1-(l-propenyl)-1,2,3,4-tetrahydro- 
pyridine (CLXVII) with 4-chlorobenzenesulfonyl 


The addition of 4-chlorobenzenesulfonyl azide to 
one equivalent of E-1-(1-propenyl)-1,2,3,4-tetrahydropyri- 
dine (CLXVIIL) gave E-1-(1-propenyl) piperidylidene-2-(4- 
chlorophenyl) sulfonamide (CLXXIII) and 1-(4-chlorophenyl1)- 
sulfonimine-1,2,3,4-tetrahydropyridine (CLXXIV) in 43% and 
20% yield respectively. The structures CLXXIII and CLXXIV 
were assigned on the basis of their spectral data. 

Compound CLXXIII arises from the 1,3-dipolar- 


cycloaddition reaction of 4-chlorobenzenesulfonyl azide to 
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the Co-Ce olefinic bond of E-1-(1-propenyl)-1,2,3,4-tetra- 
hydropyridine (CLXVII). Decomposition of the intermediate 
triazoline could occur in a manner similar to that pre- 
viously described for the reaction of 1-methyl-1,2,3,4- 
tetrahydropyridine (LIII) with cyanogen azide. 

The mmr spectrum(é) of CLXXIII exhibits a 7H multi- 
Plecedtal-/ duc to thelC,-HiwiC.-Heandgterminalsmerhy1 > 
a 2H multiplet at 3.1/7 attributed to the C3-H, a 2H multi- 
pleteates o> jdueetlo: the Ce-h waa lHadoubler (J7_ g=15Hz) 
of quartets (Jg g=6Hz) at 5.30 ascribed to the Giocitls Et as 
doublet (J7_ g=15Hz) at 7.32 assigned to the Coley Eh Pas 
doublet (J9’ 3=8Hz) at 7.43 due to the Cy’-H and C5-H, and a 
2H doublet (Jo’ J=8Hz) diy a 2eattriputedstopthesc, Ne and 
Co-H). The ir spectrum of CLXXIII shows the presence of 
an imine group (1540 em7!) and olefinic group (1600 em7!), 
The coupling constants for the C7-H and Co-H (15 Hz) of 
CLXXIII are typical for an E-isomer288, 

A possible mechanism for the formation of 1-(4- 


chlorophenyl)sulfonimine-1,2,3,4-tetrahydropyridine (CLXXIV) 
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is shown in equation (10). The 1,3-dipolarcycloaddition of 
4-chlorobenzenesulfonyl azide to the C7-Cg double bond of 
CLXVII initially could form an unstable triazoline inter- 
mediate. Decomposition of the triazoline ring yields CLXXIV 
and diazoethane. The nmr, ir and ms data support structure 
CLXXIV. Support for this mechanism is given in the reaction 
of 2,5-dimethyl-1-pyrroline with tosyl azide! Cll) eine 
amidine product is thought to arise by a mechanism similar 
to that postulated in equation (10). A similar mechanism is 
proposed in the formation of N-methyl-N-phenyl-N-tosyl- 
sulfonylimine from the 1,3-dipolarcycloaddition of tosyl 


azide with 1-(N-methylaniline) -2-benzoylethylene28? C12). 
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The nmr spectrum(‘) of CLXXIV exhibits a 4H multi-- 
plet at 2.06 due to the C3-H and Cy-H, a 2H multiplet at 
3.70 attributed to the Cy-H, a 1H multiplet at 5.3 assigned 
to the Cs-H, a 1H doublet (J5 ¢=9Hz) at 6.42 due to the 
Ce-H, a 2H doublet (32° 3=9HZ) at 7.41 attributed to the 
C3-H and Co-H, a 2H doublet (Jo! J=9Hz) at 7.84 due to 


the Co'-H and C¢-H, and a 1H singlet at 8.24 ascribed to 
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the methine proton. The ir spectrum of CLXXIV shows the 
presence of an imino group at 1600 cem7!. The mass spec- 
trum of CLXXIV displays a molecular ion at m/z 284 (Exact 
mass calc'd for Cy 9Hy 3N20934s?c1: 284.0385; found (high 
resolution ms) :) §284.0385 3 

Reaction of E-1-(1-propenyl)-1,2,3,4-tetrahydro- 
pyridine (CLXVII) with two mole equivalents of 4-chloro- 
benzenesulfonyl azide also afforded the products CLXXIII 
and CLXXIV in 43% and 16% yield, respectively plus, some un- 
reacted azide. No product arising from reaction of 4-chloro- 
benzenesulfonyl azide with the enamine functionality of either 


CLXXIII or CLXXIV was observed. 


3.4.0.0.0 Pharmacological properties of 2-methyl-7-substi- 
tuted-2,7-diazabicyclo[4.1.0]hept-3-enes. 


The preparation of 2-methyl-7-substituted-2,7-di- 
azabicyclo[4.1.0]hept-3-enes (CXIV-CXVIII) employing the 
1,3-dipolarcycloaddition reaction of 1-methyl-1,4-dihydro- 
pyridine (XLIII) with organic azides was discussed earlier. 
Compounds CXIV-CXVIII were subjected to a broad spectrum 
pharmacological screen to assess pharmacological activity. 
The pharmacological properties found to be the most promin- 
ent for compounds CXIV-CXVIII were analgesic and anti- 
entamoebic activities (Table IV). The entire series of com- 
pounds CXIV-CXVIII were found to be active against Entamoeba 


histolytica with MIC's of less than 10 ug/ml using the Tube 
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dilution technique (see experimental). The 2,7-diaza- 
bicyclo[4.1.0]hept-3-enes however were inactive against 
Trichomonas vaginalis at a dose of greater than 50 ug/ml 
using the same test. On the other hand compounds CXIV- 
CXVIII demonstrated weak or no antimicrobial properties. 

The bicyclics CXIV-CXVII shown in Table IV demon- 
strated significant analgesic properties in the mouse 
phenylquinone writhing test?79, The detailed procedure 
for the phenylquinone writhing test is given in the experi- 
mental. Briefly, a dose of the test compound dissolved in 
isotonic saline is injected subcutaneously to a set of five 
mice. After thirty min the pain inducing agent, 0.03% 
phenylbenzoquinone, is administered intraperitoneally. Ten 
min later, the mice are counted for writhing responses over 
a ten min period. The average number of writhes is com- 
pared to a set of ten mice who received only phenylben- 
zoquinone. The compound containing a methanesulfonyl R 
functionality (CXV) was found to be approximately one-half 
as active as Aspirin as an analgesic. In comparison to 
Aspirin, 2-methyl-7-(4-aminobenzene) sulfonyl-2,7-diazabi- 
cyclo[4.1.0]hept-3-ene (CXVII) was two and one-half times 
more active. The other members of the series, CXIV, CXVI 
and CXVII also demonstrated good analgetic properties at 
doses of 64,128 and 128 mg/kg, respectively. 

The precise mechanism by which the compounds listed 


in Table IV exert their analgesic activity has not been 
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elucidated. Evidence will be presented later in the thesis 
which favors the hypothesis that compounds CXIV-CXVIII 
effect their analgesic properties through some form of a 


nMarcotic analgesic receptor. 


3.5.0.0.0 Pharmacological properties of 1-alkyl-2-substi- 
tutedpiperidylidenes. 


The good analgesic and antientamoebal properties 
exhibited by 2-methyl-7-substituted-2,7-diazabicyclo[4.1.0]- 
hept-3-enes (CXIV-CXVIII) encouraged the further development 
of other related compounds. It was hoped that these new 
compounds would also demonstrate some interesting analgesic 
and antibacterial properties. 1-Methyl-1,2,3,4-tetrahydro- 
pyridine (LIII) is a cyclic enamine similar to 1-methyl- 
1,4-dihydropyridine (XLIII). In accordance, it was hoped 
that LIII would also undergo 1,3-dipolarcycloaddition with 
organic azides. It was found that the proposed cycloaddi- 
tion reactions proceeded in good yield to give 1-methyl-2- 
substitutedpiperidylidenes. The formation of the piper- 
idylidenes and chemistry of the cycloaddition reaction were 


discussed earlier. 


3.5.1.1.0 Analgesic activity of 1-methyl-2-substituted- 
piperidylidenes. 


The analgesic activity of 1-methyl-2-substituted- 


piperidylidenes were determined using the previously 
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discussed phenylquinone writhing test. The analgesic 
test results obtained for the 1-methyl-2-substitutedpiper- 
idylidenes are listed as EDsg values (Table V). 
Aspirin, a non-narcotic analgesic, dextropropoxyphene, a 
weak narcotic analgesic and morphine, a strong narcotic 
analgesic were included in the study as reference compounds. 

1-Methylpiperidylidene-2-methanesulfonamide (CXIX) 
was found to be a less potent analgesic than Aspirin. The 
analgesic activity of CXIX was approximately equivalent to 
the corresponding bicyclic 2-methyl-7-methanesulfonyl-2,7- 
diazabicyclo[4.1.0]Jhelp-3-ene (CXV). The piperidylidene 
derivative CXXIII having a benzenesulfonyl R substituent 
exhibited analgesic activity similar to the corresponding 
2,7-diazabicyclo[4.1.0]hept-3-ene (CXVI). It is interesting 
to note that administration of doses greater than or equal 
to 60 mg/kg sc of CXXIII produced a catatonic state in the 
mouse. The catatonic state, which lasted from five to 
fifteen minutes depending upon the drug dosage, was followed 
by a two hour period of extreme sedation. All of the mice 
given large doses of CXXIII recovered. The catatonic state 
produced by CXXIII was unique since none of the other related 
compounds shown in Table V produced a similar effect. The 
etiology of the catatonic response observed with CXXIII is 
unknown. 

A large number of 1-methylpiperidylidenes listed 


in Table V exhibited a greater analgetic activity than 
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morphine sulfate in the phenylquinone writhing test. The 
two compounds having a 4-chlorobenzenesulfonyl R substituent 
(CXXV) and a 4-methoxybenzenesulfonyl substituent (CXXVI) 
were ten and nineteen times more potent, respectively,than mor- 
phine sulfate. The most potent analgesic in the 1-methyl- 
piperidylidene series was the 2-aminobenzenesulfonyl deriva- 
tive (CXXXIV). It exhibited 208,000 times the analgetic 
activity of Aspirin and one hundred sixty time the potency 
of morphine sulfate. 1-Methylpiperidylidene-2-(3-pyridyl)- 
sulfonamide (CXXXII) is also an excellent analgesic having 
one hundred times the potency of morphine sulfate. 
Preliminary structure-activity relationships for 
the 1-methylpiperidylidenes shown in Table V suggest that 
an aromatic ring is a required structural component of the 
R substituent for maximum analgesic activity. Substitution 
of the phenyl ring by various functionalities was designed 
to investigate relative potency in relation to hydrophobic 
Gide Gleetronic (a)j and steric parameters (E_) ofthe 
various substituents. The guidelines used in the evaluation 
of these parameters was the manual technique“?! . The 
technique is a non-statistical procedure in which groups of 
compounds representing various types of ring substitution 
can be synthesized at one time. The values shown in Table VI 
illustrate hydrophobic (1) and electronic (co) values of 
selected analgesics in relation to those analgesics EDs5o 


values in the phenylquinone test. No apparent correlation 
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exists between analgesic potency of the 1-methylpiperidyl- 
idene series and the hydrophobic and electronic parameters. 
The compounds with the greatest activity (CXXV, CXXVI, 
CXXVII and CXXXI) show large variations int,o anda +o 


values yet possess similar analgesic potencies. The anal- 


TapvenV les HYarOopnoObic (7),ecleceronie (9) and ED. 4 values 


for selected l-methylpiperidylidene-2-sulfonamide analgesics. 


Orr ae 
| 
CH, 


EDs (mg/kg sc) 
on phenylquinone 


Compd R T Oo cet ae writhing 
CXMLT LE B 0 0 0 68 
CXXIV CH3 O56 = ely, O33 2.4 
CXXV Gil eal OR 0.94 OF 0038 
CXXVI OCH3 = (2 = (i 287 =e Os 002 
CXXVII NO> -0.28 Ory.c 0220 0.0028 
CXXX NHCOCH 3 = Om oH 0.0 = (eno pe 2 
CXXXI NH> =1.23 = 07366 ogi shee) 0.007 


gesic activities of the 4-, 3- and 2-nitro, and 4-, 3- and 
2-amino compounds shown in Table V indicate that the 2- 

phenyl substituted isomer is the most active in each case. 
The improved analgesic potency of the 2-nitro (CXXIX) and 


2-amino (CXXXIV) compounds may be due to an ortho-effect. 
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AemildStosiutensessedation,, lastinemrromethinty 
minutes to a few hours was generally observed for most 1- 
methylpiperidylidenes listed in Table V. The effect was 
doseydependant= It is interesting that CXXIII, which 
demonstrated unusual catatonic effects at high doses, 
effected only mild sedation following administration of 
lower doses. The methanesulfonyl compound (CXIX) elicited 
neither a sedatory or excitatory response at the dosage 
levels tested. 

The detailed toxicological spectra of the 1-methyl- 
piperidylidenes are unknown. A dose of 120 mg/kg sc of 
1-methylpiperidylidene-2-(4-aminobenzene) sulfonamide (CXXXI) 
administered to five mice caused extreme sedation lasting 
eight to ten hours. None of the animals died during a sub- 
sequent ninety-six hour observation period. These findings 
suggest that the therapeutic index [lethal dose in 50% of the 
animals (LD59) divided by effective dose in 50% of animals 
(ED5¢) ] of the 1-methylpiperidylidenes may be very large. 

A large therapeutic index would imply that the compounds 


possess a good margin of safety*?*. 


3.5.1.2.0 The antagonism of 1-methylpiperidylidene-2-(4- 
chlorophenyl)sulfonamide (CXXV) using the nar- 
cotic antagonist Naloxone hydrochloride. 
Narcotic analgesics elicit antinociceptive responses 


at low doses by interacting with specific brain opiate 
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receptors!91-193, The excellent analgesia exerted by 
the 1-methylpiperidylidene-2-sulfonamides at low doses 
suggests the presence of a specific biological receptor 
responsible for the potent analgesia observed. In this 
study, the pure narcotic antagonist Naloxone was used to 
determine whether 1-methylpiperidylidene-2-sulfonamides act 
at narcotic receptors. Pretreatment of a mouse with a 
narcotic antagonist would block the antinociceptive proper- 
ties of analgesics which act specifically at the opiate 
receptor. Alternatively, the activity of analgesics whose 
action is independent of the narcotic receptor would not be 
altered by Naloxone pretreatment. This simple and rapid 
test was therefore used to illucidate the mechanism of 
action of the 1-methylpiperidylidene-2-sulfonamides. 

The choice of antinociceptive tests employed with 
narcotic antagonists is important. The phenylquinone writh- 


ing test270 


has been considered useful for testing nar- 

cotic agonists and antagonists“°! and was utilized in our 
experiments. 1-Methylpiperidylidene-2-(4-chlorophenyl1)sulfon- 
amide (CXXV) administered at a dose of 5 mg/kg sc using the 
phenylquinone writhing test completely inhibited the writh- 
ing response in the mouse (100% inhibition). Pretreatment 

of the mice using a 1 mg/kg sc dose of the narcotic antagon- 
ist Naloxone hydrochloride followed by injection of CXXV at 


5 mg/kg sc resulted in a 45% inhibition of phenylbenzo- 


quinone induced writhing. These results indicate that 
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Naloxone hydrochloride partially blocks the analgesic effect 
of CXXV. Increasing the pretreatment dose of Naloxone 
hydrochloride to 5 mg/kg sc while administering the same 
dose of CXXV further reduced inhibition to 30%. Although a 
complete blockage of the analgesic effects of CXXV was not 
obtained, these results do imply that the 1-methylpiper- 
idylidene-2-sulfonamides may elicit their analgesic respon- 


S€SeateasNarcorcic opiate receptor. 


Beet. Ue SO GLUC EULA leLecacuices Common cOmnancocic analgesics 


and their relationship to 1-methylpiperidylidene- 


2-sulfonamides. 

A number of structural features common to narcotic 
analgesics have been discussed in detail in the introduction 
of this thesis!®9. The present discussion will focus on 
these necessary structural features as they relate to a number 
of "typical" narcotic analgesics and to the 1-methylpiper- 
idylidene-2-sulfonamides. Figures 1 outlines the general 
features common to good narcotic analgesics. This figure 
also indicates the structure of four highly active 
analgesics, viz: morphine (XV), methadone (LXIII), meperi- 
dine (XVI) and the 1-methylpiperidylidene-2-sulfonamides 
(CLXXV). The tertiary amino group present in morphine, 
methadone and meperidine is designated by the number 1 in 
each afnwamnnitty The narcotic analgesics shown all possess 


at least one small substituent on the nitrogen atom. The 
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“Figure 1: Structural features common to narcotic analgesics. 
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EVO S° amino+group, “the group *on"nitrogensbeing+small. 
2. A central carbon atom of which none of the valences are 
hydrogen. 


3. A two carbon chain separating the 3°-N and central carbon 


atoms. 


4. A phenyl group attached directly to the central carbon 


atom. 
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1-methylpiperidylidene-2-sulfonamides (CLXXV) also have a 
tertiary amino group with a small alkyl substituent. In 
addition, the structure of CLXXV includes a piperidine ring 
system typical of narcotic analgesics. The central carbon 
atom, labelled number 2, is easily discernible in morphine, 
methadone and meperidine. 1-Methylpiperidylidene-2-sulfon- 
amides do not possess a central carbon atom. In the case 
of CLXXV, the sulfur atom of the sulfonyl group likely 
serves the function of the central carbon atom. The struc- 
ture CLXXV also does not contain a two carbon chain between 
the tertiary amino and central carbon atoms (number 3). The 
two carbon chain is visible in SORTS. methadone and 
meperidine. Comparisons of Dreiding molecular structures of 
morphine (XV) and 1-methylpiperidylidene-2-sulfonamides 
(CLXXV) indicate that the interspatial distances between 
the tertiary amino and central carbon atoms of XV are very 
close to those of the tertiary amino and central sulfur 
atoms of CLXXV. Therefore, the imine group in 1-methyl- 
piperidylidene-2-sulfonamides is comparable to the two car- 
bon chain found in most narcotic analgesics. The presence 
of a phenyl group in each structure is indicated by number 
4. In CLXXV the phenyl substituent is attached directly to 
the central "'sulfur'' atom. Compounds which possess struc- 
tural features comparable to those discussed above are pre- 


requisite components of any effective narcotic analgesic. 
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The examination of the four important structural 
features characteristic of narcotic analgesics indicates 
that the 1-methylpiperidylidene-2-sulfonamides are actually 
closely related from a structural viewpoint to analgesics 
such as morphine. Both morphine and CLXXV contain tertiary 
amino groups and aromatic rings. The piperidylidene CLXXV 
is an example of a narcotic analgesic which contains a 
central sulfur atom rather than a central carbon atom. A 
few narcotic analgesics which incorporate a tertiary nitro- 
gen in place of a central carbon atom have been investi- 


gated. Diampromide and Etonitazene are very potent 


analgesics which also show high addiction liabilities?8>, 
0 N 
Deer ven, _\)-o8 
C,H,N £8 NO; N : 
sr : 
N(CH.) Ph (CH,) NEt, 
Diampromide Etonitazene 


3.5.2.0.0 1-Arylalkylpiperidylidene-2-sulfonamides with 


Marcotic agonist properties. 


Substitution of the N-methyl group in narcotic 
analgesics by N-phenylethyl or N-(4-aminophenyl)ethyl func- 
tionalities generally imparts a three to ten fold increase 
in analgetic activity2®. Phenazocine (LXVI), for 


example, is a clinically useful analgesic which incorporates 
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a N-phenylethyl substituent. Fentanyl (XVII), a very 
potent member of the meperidine analgesic family, also con- 


tains a N-phenylethyl group. 
N—(CH,) Ph 


HO 


LXVI X Vale 


In an attempt to produce more potent analgesics 
within the piperidylidene series, substitution of an aryl- 
alkyl moiety for the N-methyl group in 1-methylpiperidyl- 
idene-2-sulfonamides (CLXXV) was performed. Reaction of 4- 
chlorobenzenesulfonyl azide with 1-(2-phenylethyl)-1,2,3,4- 
tetrahydropyridine (CXXXVI) afforded 1-(2-phenylethyl)- 
piperidylidene-2-(4-chlorophenyl)sulfonamide (CXXXVII) in 
25% yield. Subsequent nitration of CXXXVII and reduction 
of the resulting nitro group afforded 1-[2-(4-nitrophenyl)- 
ethyl] piperidylidene-2-(4-chlorophenyl)sulfonamide (CXL) in 
61% yield and 1-[2-(4-aminophenyl) ethyl] piperidylidene-2- 
(4-chlorophenyl)sulfonamide (CXLI) in 67% yield, respectively. 

These arylalkyl compounds exhibited excellent 
analgesia in the phenylquinone writhing test (Table VII). 
The N-phenylethyl derivative CXXXVII displayed only one-half 


the analgesic activity of the corresponding N-methyl 
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compound CXXV. This reduction in analgesic potency is 
interesting since most N-phenylethyl narcotic analgesics 
are more potent than their N-methyl counterparts. Sub- 
stitution of nitro or amino in the arylalkyl ring, as noted 
in CXL and CXLI, resulted in pronounced increases in anal- 
gesic potency. The 4-aminophenylethyl compound CXLI and 
the 4-nitrophenylethyl derivative CXL were, 1100 and 10,200 
times more potent respectively than morphine sulfate. 
Results from the phenylquinone writhing test suggest that 
these two compounds may be among the most potent analgesics 
known. It can be estimated using the results obtained in 
laboratory mice, that as little as 0.1 mg of CXL would 
achieve an equivalent EDog in a seventy-five kg person 
assuming that a man requires approximately ten times the 


amount of CXL that a mouse requires>!9, 


Shab east ales) 1-Alkylpiperidylidene-2-sulfonamides possessing 
partial agonist properties. 


Replacement of the N-methyl group present in nar- 
cotic analgesics by larger N-alkyl functionalities results 
in a reduction or complete loss of analgesic activity!?3,285, 
The pharmacological consequence of incorporating larger 
N-alkyl substituents results in an increase in analgesic 
antagonistic activity. Recently, partial agonists have 
been used in clinical practice as narcotic analgesics. The 


partial agonists, exemplified by nalbuphine (LXXI), 
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butorphanol (LXXII) and buprenorphine (LXXIII-c), exhibit 
good analgesic properties with minimal untoward side- 
effects. Some typical substituents attached to the nitro- 
gen atom of partial agonists include cyclopropylmethyl, 
cyclobutylmethyl, cyclopentyl and allyl groups. 

The replacement of the N-methyl group present in 
1-methlpiperidylidene-2-sulfonamides (CLXXV) with a phenyl- 
ethyl or substituted phenylethyl moiety produced highly 
potent analgesic compounds. It would be expected that 
larger alkyl groups replacing the methyl substituent on 
nitrogen in CLXXV would similarily provide compounds pos- 
sessing narcotic analgesic antagonist or partial-agonist 
activities. 

The reaction of appropriate 1-alkyl-1,2,3,4-tetra- 
hydropyridine and organic sulfonyl azides now provides a 
series of 1-alkylpiperidylidene analgesic compounds. The 
analgesic agonist activities of the 1-alkylpiperidylidene- 
2-sulfonamides are summarized in Table VIII. Three azides 
having different physicochemical properties were selected 


for the preparation of the compounds illustrated in Table 


VIII. to afford R% substituents with a variety of elec- 
tronic, lipophilic and Steric features. | lt was) found that 
piperidylidenes containing the same RI group and various 
R2 substituents possessed very similiar analgesic proper- 
ties. The 3-pyridyl R* substituent conferred slightly 


better analgesic activity than other groups. The nature 
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of the piperidylidene R2 functionality apparently has 
little effect on the analgesic potency. 

All of the compounds listed in Table VIII pos- 
sessed weaker analgesic properties than the corresponding 
N-methyl derivatives represented by 1-methylpiperidylidene- 
2-(4-chlorophenyl)sulfonamide (CXXV). The compounds CLII 
through CLIV inclusive, all of which have a R! cyclo- 
butylmethyl group, possessed good analgesic activity. The 
4-chlorophenyl derivative CLII had approximately four 
times the analgesic potency of morphine sulfate and two- 
fifths the potency of 1-methylpiperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CXXV). Good analgesic activity was also 
demonstrated by the E-1-(1-propenyl) derivative CLXXIII. 
The ED<eg for CLXXIII corresponds to an analgesic 
potency similar to that for CLII. The other 1-alkylpiper- 
idylidene-2-sulfonamides listed in Table VIII exhibited 
considerably weaker analgesic activities than those of 
morphine sulfate and CXXV. The structurally novel tetra- 
hydropyridine CLXXIV also possessed mild pain killing pro- 
DeGeLtes . 

The analgesics listed in Table VIII also possessed 
narcotic antagonistic properties which were determined using 
the phenylquinone writhing test. Antagonistic activity was 
demonstrated toward morphine sulfate and 1-methylpiperidyl- 
idene-2-(4-chlorophenylsulfonamide) (CXXV). Some results 


are illustrated for the partial agonist 1-cyclopropylmethyl- 


‘¥), 


Jar _ 
Sa anobr. ybixs: qt 
peagtac ed3 go 3992 
og (t2v efdet mk ‘bezel F abawoqnos nds 20 1 a 
anibaogsetios sd3 sats asisxeqorq oteegiana * 
-snpbilybiregiqivdoede! x bosapaszqes guy tdavaeb ya 


- my 


aad visenmagga | et. He ean qe 
re 

} . tie sf: 
_ a 
7 


Ils} shasog HOO ent = VX29) ab :tmng3 Lae (syoadqaro! ‘ 
‘ ‘ae 


-olseo ‘a 6 svad datiie 30 Life sevieulont VRID dy 


aft .¢2/vatoe Sieegdawm boog hbesessaog query tytsemt at 
wod ¥ jesenixongge bat 18> evizevizeb. tynstiqexa a 

; + pant 
~ows bite ogadJen satiqzos 2a vore 70q atdegtann,; aig eomts ; 


4 tes 


-o2ginow)) -f-onsbily Hitsqigiydsem~1 to yormJ0q pia’ ad. tz 
oele asw viivitoa oleaglents boo » (VERO) obimanotiue(t tani 
| -IFIRMRID avizeviveb (lyasqetq-t)- = sna wd bezarzenoms al 
sdeegises ce 02 abnoqser703 TRU ‘tok aot an 
-seqigiydise-{ tsfizgo sft .TiMD 263 sala o2 relioke sed 

f fixe I1IV side® a&besert eb Amsco? Lue~S-si9b) Iybh 


on 
to sects usd? eajaivisom steegians ronlbew x B39b. anes 


«st7e: [seven yLiawwsueade Bat Boe ave osotlun ot iq3on 
| —o2yq getilin mreq BD Em, apeapeens oad 


: 

baeesezog ozla IPTV ss 
= bon -tx9 26 Riad arty 
aw yevizon ahaa 


137 


piperidylidene-2-(4-chlorophenyl)sulfonamide (CIL) (Table 
IX). A 2.0 mg/kg se dose of -the piperidylidene agon- 
ist-antagonist analgesic (CIL) almost completely inhibited 
the dnalgesic effect of morphine sulfate (0.2 me/kgesc). A 
10 mg/kg sc dose of CIL [experiment (2)] was required for 
complete inhibition. The piperidylidene CIL also inhibited 
the analgesic effect of 1-methylpiperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CXXV). A partial analgesic block of 
CXXV (2.0 mg/kg sc) was obtained using a 0.5 mg/kg sc dose 
of CIL [experiment (3)] while a full blockage was attained 
using a 2.0 mg/kg sc dose of CIL [experiment (4)]. It may 
be concluded from these results that 1-cyclopropylmethyl- 
piperidylidene-2-(4-chlorophenyl)sulfonamide is a partial 
agonist-antagonist narcotic analgesic. 

The other analgesics listed in Table VIII also 
behaved as partial agonist-antagonists. Antagonistic pro- 
perties similar to CIL against 1-methylpiperidylidene-2- 
(4-chlorophenyl)sulfonamide (CXXV) and morphine sulfate were 
exhibited by 1-n-propylpiperidylidene-2-(4-chloropheny1)- 
sulfonamide (CLIX). 1-Isobutylpiperidylidene-4-(2-chloro- 
phenyl)sulfonamide (CLXII) displayed slightly better antag- 
onistic qualities than the corresponding 1-cyclopropylmethyl 
compound CIL. A 0.5 mg/kg sc dose of CLXII gave a near com- 
plete antagonism of the analgesic effects of CXXV while a 
2.0 mg/kg sc dose of CIL was required to induce a similar 


blockade of CXXV. The 1-isobutylpiperidylidene CLXII showed 
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antagonistic properties toward morphine sulfate comparable 
to that of the 1l-cyclopropylmethyl compound CIL. A 0.5 
mg/kg sc dose of 1-cyclobutylmethylpiperidylidene-2-(4- 
chlorophenyl)sulfonamide (CLII) fully inhibited analgesia 
producedeby GXXV. gingaddition —CLiLe(0.5eme/keesc)malso 
completely inhibited the analgesic effect caused by a 2.0 
mg/kg sc dose of 1-(2-phenylethyl) piperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CXXXVII). Antagonistic properties simi- 
lar to those of CLII were observed for E-1-(1-propenyl)- 
piperidylidene-2-(4-chlorophenyl) sulfonamide (CLXXIII). 

The 1,2,3,4-tetrahydropyridine compound (CLXXIV) possessed 
no analgesic antagonist properties. The agonist-antagonist 
activities for all compounds listed in Table VIII were not 
determined. 1-Alkylpiperidylidene-2-sulfonamides having 
4-aminophenyl or 3-pyridyl RZ groups however would be 
expected to closely resemble the responses of compounds 
with 4-chlorophenyl RZ groups which were discussed in 


detail earlier. 


3.5.4.0.0 Receptor sites for 1-substitutedpiperidylidene- 


2-sulfonamides. 

The experiments discussed previously indicate that 
1-substitutedpiperidylidene-2-sulfonamides are analgesics 
Wiicheinteractewltneamarcoticireceplor. sl hesnarcotic 
antagonist Naloxone (1 mg/kg sc) partially blocks the anal- 


getic effects of 1-methylpiperidylidene-2-sulfonamide (CXXV) 
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(5 mg/kg sc). Replacement of the N-methyl substituent 
present in CXXV by a N-arylalkyl moiety as demonstrated by 
1-[2-(4-nitrophenyl) ethyl] piperidylidene-2-(4-chlorophenyl1l)- 
sulfonamide (CXL) provides a highly potent analgesic. A 
N-arylalkyl group is an important structural component of 
narcotic analgesics present in fentanyl and phenazocine. 

The 1-cycloalkylmethyl(n-propyl, isobutyl) piperidylidene- 
2-sulfonamides prepared are partial-agonist analgesics. 
Antagonistic activity was demonstrated toward morphine sul- 
fate, CXXV and 1-(2-phenylethyl)-piperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CXXXVII). 

In order to qualitatively determine whether 1- 
methylpiperidylidene- and 1-alkyl (cycloalkyl) piperidylidene- 
2-sulfonamides interact with brain receptor sites, brain 
receptor binding experiments using radiolabelled narcotic 
analgesics would have to be executed. A basic conception of 
the type of narcotic receptor involved in piperidylidene 
analgesics, can however be gained by using antinociception 
tests other than the phenylquinone writhing experiment and 
appropriate antagonist blocking experiments. The following 
discussion will focus on these experiments and attempt to 
classify the piperidylidene analgesics by narcotic receptor 
type. 

Tyers*60 has determined that u-agonists are 


effective analgesics in the writhing and hot-plate tests. 
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The k-agonists are active in the writhing test and less 
effective in heat stimulus tests. The o-analgesics are 


inactive in both tests. 


Antinociception results for 1-methyl(cyclopropyl- 
methyl) piperidylidene-2-(4-chlorophenyl) sulfonamides using 
the hot-plate test293,294 are presented in Table X. Good 
analgesia was demonstrated for 1-methylpiperidylidene-2-(4- 
chlorophenyl)sulfonamide (CXXV) in the phenylquinone and 
hot-plate experiments. These results imply that CXXV acts 
at a narcotic u-receptor. The EDsg for 1-cyclopropyl- 
methylpiperidylidene-2-(4-chlorophenyl) sulfonamide (CIL) 
vastly: the hot-plate test could not be determined due to lack 
of solubility in isotonic saline, the injection vehicle. It 
is likely, however, that CIL is less active in the hot-plate 
experiment and thus acts on the x«-receptor. Most typical 
partial agonists, such as butorphanol and nalbuphine, are 
agonists at the x-receptor and antagonists at the u- 
receptor. 

An interesting experimental narcotic antagonist, 
MR-2266, has recently been discovered. This antagonist is 
only active against analgesic agonists whose activity is 
demonstrated at the x-receptor. For example, bremazocine, 

a «-agonist analgesic is largely unaffected by Naloxone 


yet its analgesia is completely blocked by MR-2266!97, 
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Table X: Analgesic data for some piperidylidene analgesics. 


eo RO 


Phenylquinone? writ. Hot plate 
Compd R ED5q (mg/kg sc)® EDs (mg/kg sc)* 
CXXV CH3 0.0038 + 4% 1,652 2% 
(epity CH>-ceCsHe 2081 te8 200 
morphine sulfate OF,036 Bn 


“The result is the mean value + SEM for five animals. 
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The analgesic results obtained following pretreat- 
ment with MR-2266 hydrochloride (MR-2266 HCl) before dosing 
with CXXV and CIL in the phenylquinone writhing test are 


shown in Table XI. The data indicates that MR-2266 HCl does 
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not significantly block u-agonist morphine sulfate induced 
analgesia and only slightly antagonizes the analgesia of 
CXXV. 1-Methylpiperidylidene-2-(4-chlorophenyl) sulfonamide 
(CXXV) is approximately equipotent with morphine sulfate in 
the hot-plate test, is inhibited by 1-cyclopropylmethyl- 
piperidylidene-2-(4-chlorophenyl)sulfonamide (CIL) and 

only partially inhibited by MR-2266 HCl. It is likely 

from the analgesic and analgesic blocking experiments dis- 
cussed previously that CXXV and similar fomecty Coreen ian 
idenes are narcotic u-agonists. Incomplete antagonism of 
CXXV by Naloxone make this conclusion only speculative in 
nature. Pretreatment of mice with MR-2266 HCl before CIL 
dosing results in essentially a complete inhibition of 
analgesia. It is very likely therefore, that CIL and similar 
piperidylidene partial agonists are analgesics at the x-re- 
ceptor. 

The results presented in this portion of the thesis 
have shown that 1-substitutedpiperidylidene-2-sulfonamides 
and possibly the 2-methyl-7-substituted-2,/7-diazabicyclo- 
[4.1.0]hept-3-enes (Table IV) are analgesics which interact 
with an opiate receptor. Closer examination of important 
structural features of typical narcotic agonists and 1- 
methylpiperidylidene-2-sulfonamides pointed out many similar 
structural components. Preliminary experiments indicate 
that 1-methylpiperidylidene-2-sulfonamides are agonists at 


the u-receptor and 1-cycloalkylmethyl(n-propyl, isobutyl)- 
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Table XI: Antagonism of selected piperidylidene analgesics 


with MR-2266 HCl in the phenylaquinone writhing test. 


N nso,-(_\)-c 


| 
R 


So oui at 2 Mno/ Kou se 
Normal % inhib after eMR-2266)HC1 
Compd R Bus Ps Slop Ames cle (lomo kcggse) 
CXXV CH3 G3 te 2 74 + 4 
morphine sulfate he} has x6] 82S 


2 The result is the mean value + SEM for five animals. 


piperidylidene-2-sulfonamides agonists at the k-receptor. 


3.5.5.0.0 Antimicrobial activity of 1-methyl(cyclopropyl- 
methyl) piperidylidene-2-cyan(sulfon) amides. 


The antimicrobial activities of the 1-methyl(cyclo- 
propylmethyl) piperidylidene-2-cyan(sulfon) amides prepared 
were determined against a variety of gram positive and gram 
negative microrganisms. The detailed procedure employed in 
the antimicrobial screen is described in the experimental 


portion of this thesis. The 1-methyl(cyclopropylmethyl)- 
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piperidylidenes were dissolved in methanol at various con- 
centrations and impregnated onto 4 mm paper discs. Anti- 
biotic agar plates were prepared using 1 mL of overnight 
bacterial culture in 200 mL of media. The bacterial sus- 
pension was poured into 20 x 20 cm forms and the discs 

were placed on the surface after the media solidified. The 
zones of inhibition surrounding the discs were measured fol- 
lowing overnight incubation at 37°C. The amount of inhib- 
ition was compared to zones obtained with known concentra- 
tions of standard antibiotics. 

The antimicrobial results for 1-methyl(cyclopropyl- 
methyl) piperidylidene-2-cyan(sulfon)amides are summarized 
iiwkable Xil. Venuy-little antimicrobial activity wa's 
associated with the 1-methyl(cyclopropylmethyl1)piperidyl- 
idene-2-cyan(sulfon)amides. 1-Methylpiperidylidene-2-(4- 
nitrophenyl)sulfonamide (CXXVII) and 1-cyclopropylmethylpiper- 
idylidene-2(4-chlorophenyl)sulfonamide (CIL) showed slight 
activity against S. dysenteria and M. flavis, respectively. 
The poor antimicrobial activities observed for the test com- 
pounds listed in Table XII prompted us to discontinue test- 


ing of these compounds as potential antibacterial agents. 
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3.6.0.0.0 Structure-Activity relationships for azapheno- 


thiazines. 
Analogs of phenothiazine in which an annular ring 
nitrogen is part of the ring structure are known as pyrido- 
benzothiazines (azaphenothiazines). The four known isomeric 


azaphenothiazines are illustrated below. 


2B ~Ne 
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10H-Pyrido[3,2-b][1,4]benzothiazines(1-azaphenothiazines, 
CX1), 10H-Pyrido[4,3-b][1,4]benzothiazines(2-azaphenothia- 
zines, C), 10H-Pyrido[3,4-b][1,4]benzothiazines(3-azapheno- 
thiazines, CLXXVI), and 10H-Pyrido[2,3-b][1,4]benzothiazines 


(4-azaphenothiazines, CLXXVII). 
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A number of 1l-azaphenothiazine derivatives have 
useful antihistaminic, antiemetic and antitussive proper- 
ties. Clinically important 1l-azaphenothiazines include 
prothipendyl (CXI-a,R=(CH9)3N(CH3)5), isothipendyl 
(CXI-b,R=CH)CH(CH3)N(CH3)9), pervetral (CKI-¢,R=(CHy)3-N_N- 
(CHy)j0H) and pipazethate (CXI-d,R=CO,(CH,)0(CH))-N )). The 
pharmacology of these compounds has been highlighted in the 
introduction of this thesis and reviewed in detail else- 
where2®6, JIsomeric 2-aza (C), 3-aza (CLXXVI) and 4-aza- 
phenothiazines (CLXXVII) having R groups similar to the 
clinically useful 1-azaphenothiazine (CXIa-d) do not exhibit 
the same degree or variety of pharmacological properties. 

The wide spectrum of pharmacological properties 
observed for the phenothiazine series (CLXXVIII) 272 »296 
stimulated interest into the study of azaphenothiazine der- 
ivatives possessing similar N-10 substituents. A number of 
structural modifications at the N-10 position of phenothia- 


zines have been correlated with pharmacological activity. 
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atoms. Compounds with a two carbon chain possess only mild 
tranquilizing activity but have marked antihistaminic and 
antiparkinsonism effects. These effects are further en- 
hanced by branching of the chain at the R! position. 

Small groups such as methyl R!-substituents enhance anti- 
histaminic and antipruritic properties while reducing tran- 
quilizing activity. This effect may arise as a result of 
decreased coplanarity of the benzene rings when the elles 
methyl and 1,9-peri hydrogens on the phenothiazine ring 
undergo steric repulsion. Neuroleptic potency is often 
decreased as the size of the N-alkyl substituent increases. 
A significant enhancement of activity however is often 
observed when a piperazine ring replaces the terminal 
dimethylamino moiety. A complete loss of central effects 
results from quaternization of the side chain nitrogen. This 
is due to a decrease in lipid solubility and a decreased 
penetration of the CNS. 

Examination of the resonance and inductive effects 
for 2-chlorophenothiazines (CLXXVIII) and 3-azaphenothia- 
zines (CLXXVI) is illustrated by Figure 2. The resonance 
effects in CLXXVIII-a and CLXXVI-a display similar charge 
distribution effects. These structures indicate that the 
C-2, C-4 and C-1la are electron deficient in both the pheno- 
thiazine CLXXVIII and 3-azaphenothiazine CLXXVI. The induc- 


tive effect of the 2-chloro substituent in CLXXVIII-b is 
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strongest at the C-2 carbon atom and falls off rapidly with 
distance from this centre. The inductive effect of the 


pyridyl nitrogen in CLXXVI-b is expected to be most pro- 


Figure 2: Summary of Resonance and Inductive effects for 
2-chlorophenothiazine (CLXXVIII) and 3-azaphenothiazine (CLXXVI). 
st 
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nounced at the ortho-positions and will decrease with 
increasing distance from the nitrogen. The C-2 position is 
most electron deficient due to the inductive effect of Cl 
and N in CLXXVIII-a and CLXXVI-b respectively. 
3-Azaphenothiazines possessing a partially reduced 
pyridyl ring such as CLXXIX and CLXXX will likely exhibit 
activity similar to phenothiazines having an electron-with- 


drawing group at C-2 viz: A benzene ring bearing a -I sub- 
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stituent such as chloro or nitro has charge distributions 
similar to the 7 -electron deficient 1,2-dihydropyridines. 
A number of nmr studies have shown that the charge distri- 
bution of 1,2-dihydropyridines is similar to that of pyri- 
dine and nitrobenzene*/!»2/2, The chemical shifts for 
1,2-dihydropyridine protons (CLXXVI) listed in order of 
increasing 6 value are Hg>Hy>H3>Hs. This indicates 
that the lowest 7 -electron density is at C-6 and C-4 while 
C-3 and C-5 possess higher™ -electron densities. It would 
be expected that the reduced pyridyl 3-azaphenothiazines 
CLXXIX and CLXXX would have similar electron densities to 
tiesteduced sl); Z-dihydropynidine CLXxXXt. salt siseimportant, to 
note that the electron distribution of CLXXIX is similar to 
that observed with 2-chlorophenothiazine (CLXXVIII-a) and 
3-azaphenothiazine (CLXXVI-a). The nature of the Rr? group 
present in the dihydropyridyl-3-azaphenothiazines CLXXIX and 
CLXXX significantly influences charge distribution. A RS 
phenyl substituent would decrease the electron density on 
the centre bearing the Rr? group. An increase in electron 
density would be observed if R? were methyl or n-butyl. 
Dreiding molecular models show that 2-chloropheno- 
eheeice (CLXXVIII) and 3-azaphenothiazine (CLXXVI) have 
quite similar puckered or "V-shaped" skeletal backbones, 
with the axis being about the sulfur - N-10 plane. Dreiding 
models also indicate that dihydropyridyl-3-azaphenothiazines 


(CLXXIX and CLXXX) have similar structural conformations to 
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CLXXVIII and CLXXVI. The N-3 nitrogen in CLXXIX is the 
only atom whose conformation varies significantly from the 
equivalent N-3 nitrogen in CLXXVI or C-3 carbon in CLXXVIII. 
It is likely therefore that the neuroleptic receptor site 
which accommodates 2-chlorophenothiazine (CLXXVIII) would 
also accommodate CLXXIX and CLXXXI. 

A study was initiated to prepare 3-azaphenothia- 
zines possessing a partially reduced pyridyl ring which 
should have pharmacological activities similar in nature to 
phenothiazines bearing a C-2 electron-withdrawing function- 
ality. The 3-azaphenothiazines CLXXVI have been less exten- 
sively investigated than their 1-aza-isomer CXI. Their 
inductive and resonance effects however are similar to the 
2-chlorophenothiazines CLXXVIII (Figure 2). Therefore the 
3-azaphenothiazine system should be of pharmacological 
importance as neuroleptics, antihistaminics and antiepilep- 
tics. Furthermore, if the partially reduced 3-azapheno- 
thiazines do not exhibit pharmacological activity due to the 
parent structure they may act as pro-drugs. Precedence for 
this postulate is borne out by the observation that 1- 
methyl-1 ,6-dihydropyridine-2-carbaldoxime(pro-2 PAM) (XI) is 
an efficient pro-drug of N-methylpyridinium-2-carbaldoxime 
chloride (1x)61-63, Studies in the 1-azaphenothiazine 
system adds further credence to the use of 3-azaphenothia- 


29, 


zines as pro-drugs. Knaus and Pasutto suggest 


that some N-acetyl-1,2-dihydropyridines (CLXXXII) may under- 
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CURXALL CLXXXIII 


go aromatization to give the corresponding aromatic compound 
CLXXXIII. The facile elimination of CF3S05H from the 


dihydro-1l-azaphenothiazine CLXXXIV affords CLxxxv2/2, 


Xs, -CF,SO,H ik 
N Nia n-Bu 


CLXXXIV CLXXXV 


3.7.1.0.0 N!0-alkylation of 10H-pyrido[3,4-b][1,4]- 


benzothiazine (CLXXVI). 


The alkylation of 10H-pyrido[3,4-b][1,4]benzothia- 


zine (CLXXVI1) with dialkylaminoalkyl chlorides was effected 
using the procedure of Clarke and coworkers2/9, addi- 

tion of 3-dimethylaminopropyl chloride to a suspension of 
CLXXVI and sodium hydride in toluene and dioxane (4:1) 
afforded 10-(3-dimethylaminopropyl)-10H-pyrido[3 ,4-b][1,4]- 


benzothiazine (CXI1)279 in 87% yield. The preparation 
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of other 10-dialkylaminoalkyl-10H-pyrido[3,4-b][1,4]benzo- 
thiazines was accomplished in a similar manner. The syn- 
thetic data are presented in Table XIII. 

Thesumoespectuum(6) of CXllgexhibits sa 2H) triplet 
(J4412=7Hz) of triplets (Jy 13=7Hz) at 1.84 due to the 
Ora eceOlecine betwat7 <2eatctrrbuteds tOmenesmethy la 
2H triplet (J12137/7Hz) at 2.4 due to the C,3-H, a 2H triplet 
(J14 127 7Hz) ascribed to the C,,-H, a 1H doublet (Jy 9=6Hz) 
ate6 OJ attributed tothe C)-H, a 4H multiplet at 7.0 due to 
tlie Ce-Co-H, a IH singletsat).8.13 assigned to the C,-H, 


and a 1H doublet (J, paOHZ)Metn Ol. AeGUCmUOmUnemC5—ii. 
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Addition of sodium hydride to 10H-pyrido[3,4-b]- 
[1,4]benzothiazine (CLXXVI) in toluene and dioxane, and 
heating at reflux results in abstraction of the nN! 9-proton 
from CLXXVI. The resulting nN!9-anion is in resonance 
stabilization with the N?-anionic species as shown below. 
Addition of an alkylating agent to CLXXVI and sodium hydride 
generally results in addition at the N!0_position. The 


n!0_position is the favored alkylation site for CLXXVI 


2 


noterg-Oly seta te ooisrexsur 


as 


ae atl gy gst) e2elqtrd to aan = 


~(¢~d, &jobbeyg-HOf of sbixbyst pan hiconleia - 


1#S 6 Wee #03 of seh 6.2 38 (slivegy ¢() seiqisa H s. 


hb O,% 26 a9leitfoe He B ¢B>p) efi 03 bezudiz338 28.038 ‘ 


¥, 
fr ai beinessrg 


het Hs @ 2 cetee TR to (*)murxdooge ma 2 a 


Va 


« ,ltvdee alt of Seaediatee S$. 28 asigate Hd & ii 


.) taidwob Mf a qi pps wes od Bediz>ea) (siiTeery ty ) 


ae 


He) efter beouteew Ofte 28 aefgate Hl e- H-gd=g0- d 
Hed?) acts os sub So. 3s (song, rl? joidueb HT s bas ; 


' | os. _ fei 


re 


hae (snmnodh bas ened a —— 


PS me : i 
SUPEROENS nt ey ri Dt 


£6 


GTI-pIt 88 g o Nn-£ (2H) XIXXX10 
ey 

ETE SSI 78 9 ( n-&(@x) TIIAXXX10 

ZLT-OLT ae 9 [ox-£ xo) TIAXXX10 

Ifo gL g © (£5) N° (SHO) TAXXX10 

TTO L8 ZT ¢ (€u9) w© (¢H) T1XD 


(Y) owt3 
uOTRIOeSY 


(O.) au PTet 


foe) 


*SouTZzZeTUR 


-ozueq[p/T] [q-p/¢] opttAd-HOT-TAyTeOuTWeTAYTeTP-OT AOZ e}Fep OTJEYyWUAS FITIX STAeL 


a) 


794-732 


{ 


i! 


TS 


H} 


‘Fie 


-yesaryou 
~& 


Leys 


since the final product will maintain two aromatic 17 -elec- 
tron systems. Alkylation at the N3-site would result in 


a less stable product having only a single aromatic ring 


system. 
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3.7.2.0.0 Preparation of 10-dialkylaminoalkyl-10H-pyrido- 
[3,4-b][1,4]benzothiazine oxalates and 3-methyl- 
10-dialkylaminoalkyl-10H-pyrido[3 ,4-b][1,4]benzo- 


thiazinium iodide oxalates. 

Anhydrous oxalic acid and 10-(2-dimethylaminoethyl)- 
10H-pyrido-[3,4-b][1,4]benzothiazine (CLXXXVI) were heated 
at reflux in absolute ethanol to give 10-(2-dimethylamino- 
ethyl)-10H-pyrido[3 ,4-b][1,4]benzothiazine oxalate (CXC). 
Subsequent treatment of CXC with excess methyl iodide 
afforded 3-methyl-10-(2-dimethylaminoethyl)-10H-pyrido- 
[3,4-b]]1,4]benzothiazinium iodide oxalate (CXCI) in 90% 
yield. Other 10-dialkylyaminoalkyl-10H-pyrido[3,4-b][1,4]- 
benzothiazine oxalates and 3-methyl-10-dialkylaminoalkyl- 
10H-pyrido[3 ,4-b][1,4]benzothiazinium iodide oxalates were 
prepared in a similar manner. The synthetic data is pre- 
sented in Table XIV. 

Addition of oxalic acid to 10-(2-dimethylamino- 
ethyl)-10H-pyrido[3 ,4-b][1,4]benzothiazine (CLXXXVI) results 
in salt formation at the more basic terminal nitrogen atom. 
The terminal methyl group and the alpha terminal amino 
methylene group of CXC are both deshielded by 0.66 relative 
to the corresponding groups in CLXXXVI. The nmr spectrum(6) 
of 3-methyl-10-(2-dimethylaminoethyl)-10H-pyrido[3 ,4-b][1,4]- 
benzothiazinium iodide oxalate (CXCI) shows a downfield shift 
of 0.3 and 0.2 5 for the C-4 and C-2 protons respectively. 


Treatment of CXC with methyl iodide results in methyl iodide 


vomeme{ ®t} geBOt-Iedtnoctma fyAis tb=C ii 
- a ys 

” salads mijnisetda os 
iY 
-(Iydj conten! ctiemG-8)-07 dian’ Biss sliszo avozbyrina © 7 7 


betesd oshw qIVEXKID) sctelspanerdths Site? ei-obbaye- 7 
-onsws leriyetib-t)-0T ety o& Lenmise aculosds ab suf 7 - 
nS) soslexe anisatdzosagd[s, 1) {d- -ait Jobbiyg-AOFLE qi2s 
sthibos getwe easone fletw 2X) To susasee7 sneupoad 
~obt tvige SGb- Chr Leonimaledvonth-£)-0}-ledsom-€ bata 

ni (2929) sonfeno Shibod muintseidsosned[ ), ue 

~ia. tT) (4-4, £ Joblzeq-BOToies ledésbow eiviinth- -Of 19430 .biety 
on imelyaietb-0l-Lgtssm¢ bos estslexe enisatiszosaad 


ote: aeyelsxo sbthek: wotelestdvosnsd[A, I] (d-8,£)ob2 t 


= 


-stj al atab ofSed3oys off .remnem telinie # at bexsqezg 
IX efdet ak beanse 


| ~anieslyasaekb~$)+0" 02 ioe ablaze to nolatbba v7 
i 7 = 


asigaest (IVR0) so reasarosnedlo, tts Blobeseg-HOt=k ee 


| ss sw1jin leetete? oiead osen saad “es pe oon ot 3s 
} ovine leat? siqés aie bas avon, Lee 
- Ww a y ray 
| evisaist 3 ®O yd vebintdta Aaed bpsticedsat> tte 
| ) 


(h)mxiseqe same ot oh +a he pam 1G 


iS) 


OEE OF OOT €HO _xo (— unt (eH) IITAOXO 
+ 
€9T-T9OT OOT - XO. BH NG (eHo} IAOXO 
+ 
Gog=aa?d 06 Sia _xo [_ tint Ho ADXO 
fe taeze 86 es _xO [tin x0) AIOXO 
€ aus Ras ie 
T61T-681 OL HO XO 5° ("H3) HNe(CHS) PELE ODS) 
+ 
SpT-9PL OOT - _xo ©(€H5) HN€ (HO) TIOXxD 
+ 
OGzZ 06 €HO _xO © (FHO) NE (HO) IOXO 
+ 
902-P0Z OOT - _xo ©(€H9) No (HO) XO 


a7 oe 


+ 
2 d—-N~ 


S 


*“SOJETCXO SOPTPOT sUTZ 
-eTyzozueq([p‘T] [4-p/¢] optrAd-HOT-TAYTeOuTWeTAYTeTP-OT-TAYyjoul-¢ pue sezeTeKxO suUTZ 
-etyzozueq[p‘T] [q-7‘¢] optrtAd-HoT-TAyTeouTWeAyTETP-OT TOF eJep OTReYAQUAS AIX ETAL 


+ Oor3 vate 30 {| B96b 9. ~ 


eA. 
eS 


- 
=~ = _ 


d- pease cleans ce ites n~€ 


i. 


bist 


ane-505 Oot 
Ges 
abi-ae! 


F@i~est 


“——s abil 7 Hitt @D) 
f — 4 


160 


“AYSsSsend aA0uU tS UOT =] 


ey} ‘jueserd st JuenzTzZSqns 7yY CU USUM q - (H&0000_) DFP esO = xOers 


: € LA Tg iS og 

GT7-E1C OG HO xO 0 HNt (©HOD) JID 
Ne 
/ ETC 

p9T-z9ot 96 = eXDe 0 HNE (CHD) IIIAOXO 
\ 27 & 


penutqUuoD AIX eTqeL 


Ie ea 7? 


: Se —s “4 
an ; ae = 


a 
EEL Piece yt ON Nplate tanga 
fl it 


= (>° oo Bisiv 2 ~~ 
> a a : 


kot-Sat “ae 


a | = se 
geht heed at ‘Saaugysuaes Se on a nee” d tg 


A 


4 


161 


salt formation at the most basic nitrogen centre, the N?- 
position. The deshielding of the C-2 and C-4 protons pre- 
sented above correspond to the structure CXCl. 

It was necessary to synthesize the methyl iodide- 
oxalate salts of 10-dialkylaminoalkyl-10H-pyrido[3,4-b][1,4]- 
benzothiazines prior to reduction with sodium borohydride. 
Treatment of 10-(2-dimethylaminoethyl)-10H-pyrido[3,4-b]- 
[1,4]benzothiazine (CLXXXV1) with methyl iodide results in 
methylation at the N3-and the N!9-side chain terminal 
nitrogen atom. Subsequent reaction of this dimethyl iodide 
salt would not afford the desired product having a dimethyl- 


aminoethyl functionality attached to N-10. 


3.7.3.0.0 Reaction of 3-methyl-10-dialkylaminoalkyl-10H- 
pyrido[3 ,4-b][1,4]benzothiazinium iodide oxalates 
with sodium borohydride. 


Reduction of pyridinium salts with sodium boro- 
hydride generally leads to tetrahydropyridines?® 99 al- 
though dihydropyridines278 and piperidines2?9 »300 have 
been reported. It was therefore expected that 3-methyl-10- 
diaklylaminoalkyl-10H-pyrido[3 ,4-b][1,4]benzothiazinium 
iodide oxalates would react with sodium borohydride to give 


dihydropyridine, tetrahydropyridines or piperidine deriva- 


tives or a mixture of these products. 
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Addition of sodium borohydride to a suspension of 
3-methyl-10-(2-dimethylaminoethyl)-10H-pyrido[3 ,4-b][1,4]- 
benzothiazinium iodide oxalate (CXCI) in 95% ethanol 
afforded 3-methyl-10-(2-dimethylaminoethyl)-10H-1,2,3,4- 
tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CC) in 67% yield. 
The synthetic data for the reduction of other 3-methyl-10- 
dialkylaminoalkyl-10H-pyrido[3 ,4-b][1,4]benzothiazinium 
iodide oxalates with sodium borohydride is listed in Table 
XV. 

The*nmr'spectrum(s) of CC exhibits @ 19H multiplet 
between 2.1 and 4.4 due to the N2-methyl, N(CH3)5,C,-H, 

Cy -C,7H, G7 ou and) Cy5-H wand a 4H multipletoara7.. | 
attributed to the Cg-Cg-H. The ir spectrum shows the pre- 
sence of an olefin functionality at 1590 em7!., The mass 
Spectrum of CC exhibits a molecular ion at m/z.289 (Exact 
mass calc'd for Cy¢H73N32*S: 289.1616; found (high 
resolution ms): 289.1607). Fragmentation of the molecular 
ion occurs by two major pathways (Scheme XI). Loss of a tri- 
methylamine radical gives rise to a peak at m/z 231 

(C1 3H; 5N3S*). The base peak at m/z 58(C3HgN*) arises 

by loss of a 231 amu 3-azaphenothiazine radical. 

The mechanism for the sodium borohydride reduction 
of the pyridinium ring present in CXCI is shown in equation 
(13). Initial attack of sodium borohydride most likely 
occurs at the C-4 position of the pyridyl ring in CXCl. 


Attack of sodium borohydride at the C-2 position of CXCI 
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Scheme XI: Fragmentations of 3-methy1l-10-(2-dimethyl- 
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did not occur to produce CCI since no olefinic protons were 
noted in the nmr spectra. Attack at the C-4 position by 
sodium borohydride is expected since the sulfur functional- 
ity decreases the electron density of the C-4 position rela- 
tive to the C-2 position. In addition, the 1,2,3,4-tetra- 
hydropyridyl derivative CC has conjugation with the free 
electrons on the n!O-nitrogen and sulfur which is not 
present in CCI. This extended conjugation gives rise to 
increased stability of CC and thus may be a factor in the 


attack of sodium borohydride at the C-4 position of CXCIl. 


3.7.4.0.0 Hydrogenation of 3-methyl-10-dialkylaminoalkyl- 
10H-1,2,3,4-tetrahydropyrido[3,4-b][1,4] benzo- 
thiazines with 10% palladium on charcoal and 
hydrogen gas. 
The synthesis of 1,2,3,4-tetrahydropyridyl-3-aza- 
phenothiazine analogues (Table XV) was initiated in order 
to examine the pharmacological activities of these compounds. 
It was hoped that the tetrahydropyridyl-3-azaphenothiazines 
would demonstrate pharmacological properties similar to the 
clinically useful 2-substituted phenothiazines and 1-aza- 
phenothiazines in (spite of “the fact? that tthe ring systems 
are very different. The structurally similar hexahydro- 
pyridyl-3-azaphenothiazines may also show interesting pharma- 
cological properties. They are readily available by reduc- 


tion of the olefin group of the corresponding 1,2,3,4- 
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tetrahydropyridyl-3-azaphenothiazine using 10% palladium on 
charcoal and hydrogen gas. 

Reaction of 3-methyl-10-(2-dimethylaminoethyl)-10H- 
1,2,3,4-tetrahydropyrido[3 ,4-b][1,4] benzothiazine (CC) with 
10% palladium on charcoal and hydrogen gas for 24 h gave 3- 
methyl-10-(2-dimethylaminoethyl)-10H-1,1a,1,2,3,4,4a-hexa- 
hydropyrido[3 ,4-b][1,4]benzothiazine (CCII) in 38% yield. 
The synthetic data for the reactions of other 3-methyl-10- 
dialkylaminoalkyl-10H-1,2,3,4-tetrahydropyrido[3,4-b][1,4]- 
benzothiazines with 10% palladium on charcoal and hydrogen 
gas to afford 3-methyl-10-dialkylaminoalkyl-10H-1,1a,2,3,4,4a- 
hexahydropyrido[3,4-b][1,4]benzothiazines is summarized in 
Table XV. The nmr, ir and mass spectral data are in accord- 


ance with the proposed structures. 


3./7.900.0™ Breparation of 3,10-dimethyl-l0H-1>2,3,4-tetra- 
hydropyrido[3 ,4-b][1,4]-benzothiazine (CCXV) and 
3-methyl-10-acetyl-10H-1,2,3,4-tetrahydropyrido- 
[3 ,4-b][1,4]benzothiazine (CCXVI). 


The importance of the N!9-side chain in the 
phenothiazine series in relation to pharmacological proper- 
ties has been reviewed earlier in the discussion 
(3.6.0.0.0). Briefly, the length of the N-10 side chain and 
degree of branching greatly effects the prominent pharma- 
cological properties observed in the phenothiazines. The 


nN!9-side chains commonly present in the phenothiazine 
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series have been incorporated into the 1,2,3,4-tetrahydro- 
and 1,1a,2,3,4,4a-hexahydro-3-azaphenothiazines (Table XV). 
A study was initiated to determine the pharmacological 
effect of structural simplification at the n!0_position 
in the 1,2,3,4-tetrahydro-3-azaphenothiazine series. The 
preparation of two such compounds where n!0_substitution 
is methyl and acetyl is presented below. 
3,10-Dimethyl-10H-1,2,3,4-tetrahydropyrido[3 ,4-b]- 
[1,4]benzothiazine (CCXV) and 3-methyl-10-acetyl-10H-1,2,3,4- 
tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CCVI1) were pre- 
pared in a manner similar to the 1,2,3,4-tetrahydropyrido- 
[3,4-b][1,4]benzothiazines (Table XV). The reaction 


sequence is given in equation (14). 3-Methyl-10H-pyrido- 
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[3,4-b][1,4]benzothiazine (CXXI) was prepared from the 
reaction of 10H-pyrido[3,4-b][{1,4]benzothiazine (CLXXVI) 

and sodium hydride with methyl iodide while 10-acetyl-10H- 
pyrido[3 ,4-b][1,4]benzothiazine (CCXII) was prepared by the 
reaction of CLXXVI with sodium acetate and acetic anhydride. 
The structure of the compounds shown in equation (14) are 


in agreement with their spectral data. 


3.8.0.0.0 Reaction of 10-methyl-10H-pyrido[3,4-b][1,4]- 


benzothiazine (CCXI) with n-butyllithium and 
deuterium oxide. 
The reaction of pyridine with organolithium 
reagents is an efficient method for the synthesis of 1- 
lithio-2-substituted-1 ,2-dihydrpyridines39! 302, Subsequent 
treatment with an appropriate electrophile provides an 
efficient route to 1,2-disubstituted-1 ,2-dihydropyridines. 
It was anticipated that the pyridyl ring of 3-azaphenothia- 
zine would likewise react with a organolithium reagent and 
an electrophile to produce dihydro-3-azaphenothiazines. 
The attack of the organolithium reagent could occur at 
either the C-2 and/or C-4 position and therefore give rise 
to two isomeric dihydropyridines (15). 
Two moles of n-butyllithium were added dropwise to a 
solution of 10-methyl-10H-pyrido[3 ,4-b][1,4]benzothiazine 


(CCXI) in tetrahydrofuran followed by addition of excess 
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deuterium oxide. Purification of the crude reaction material 
using preparative tle afforded 4-deutero-10-methyl-10H- 
pyrido[3,4-b][1,4]benzothiazine (CCXVII) as a red semi-solid 
in 25% yield and 4-n-butyl-10-methyl-10H-pyrido[3 ,4-b][1,4]- 
benzothiazine (CCXVIII) as a red oil in 18% yield. 

The nmr spectrum(6) of CCXVII exhibits a 3H singlet 
at 3.36 due to the methyl, a 1H doublet (Jy 9=6Hz) at 6.65 
ascribed to the C,-H, a 4H multiplet at 7.0 due to the 
C6-Cg-H, and a 1H multiplet at 8.27 attributed to the Co-H. 


The mass spectrum of CCXVII demonstrates a molecular ion at 
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The nmr spectrum(é) of CCXVIII exhibits a 7H multi- 
plet at 1.5 and a 2H multiplet at 2.9 due to the respective 
C3H7 and the CH»oC3H7 groups. The remaining proton absorb- 
ances are in similar positions to the corresponding reson- 
ances observed for CCXVII. Incorporation of a n-Bu group at 
the C-4 position of CCXVIII is apparent since the C-1 and C-2 
proton absorptions remain intact while the C-4 singlet is 
absent. 

The initial reaction of 10-methyl-10H-pyrido[3 ,4-b]- 
[1,4]benzothiazine (CCX1) with n-butyllithium occurs by two 
processes. Abstraction of the C-4 proton of CCXI by n-butyl- 
lithium followed by addition of deuterium oxide leads to the 
4-deutero compound CCXVII. The C-4 proton is acidic due to 
the combined electronic effects of the N3-nitrogen and 
the sulfur atom. The sulfur atom has a known ortho-direct- 
ing influence. Dibenzothiophene (CCXIX-a) reacts with n- 


butyllithium to give CCXIX-b393, especially if the 
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solvent is tetrahydrofuran3%4, It is therefore likely 
that the sulfur atom in conjunction with the N3-nitrogen 
directs metallation to the C-4 position of the pyridyl ring. 


The 4-n-butyl product CCXVIII is produced by the reaction 
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mechanism presented earlier in equation (15). Addition of 
n-butyllithium to the N3-C, bond affords the 3,4-dihydro 
intermediate CCXX. The 3,4-dihydro derivative subsequently 
undergoes aromatization to yield CCXVIII. No product result- 
ing from addition of n-butyllithium to the C9-N3 bond 

of CCXI was observed. Addition of n-butyllithium across the 
N3-C, bond is expected since the C-4 position has a 

lower electron density than the corresponding C-2 position. 
An analogous situation was discussed earlier where attack 

by hydride anion occurs exclusively at the Cy, position of 
the pyridinium ring present in the 3-methyl-10-dialkylamino- 


alkyl-10H-pyrido[3 ,4-b][1,4]benzothiazinium iodide oxalates. 
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3-9.0.0.0 Reactions of 10H-pyrido[3,4-b][1,4]benzothiazines 
with diisobutylaluminum hydride and methyl chloro- 
formate or borane-tetrahydrofuran, sodium bis-(2- 
methoxyethoxy) aluminum hydride and methyl chloro- 


formate. 

Minter and Stotter?9 recently described the 
efficient conversion of quinolines to N-(carboalkoxy)-1,2- 
dihydroquinolines using two different processes. The first 
method involves the reaction of quinolines with diisobutyl- 
aluminum hydride (DIBAH) followed by treatment with an 
acylating agent. A complimentary procedure involves the 
reduction of quinoline-N-boranes with sodium dialkoxyalun- 
inum dihydride at -78°C followed by in situ acylation of the 
intermediate aminoborohydride. It was hoped that 10-dialkyl- 
aminoalkyl-10H-pyrido[3 ,4-b][1,4]benzothiazines would yield 
1,2-dihydroderivatives using these procedures. The result- 
ing dihydrobenzothiazines may possess interesting pharma- 


cological activities. 


3.9.1.0.0 Treatment of 10H-pyrido[3 ,4-b][1,4]benzothiazine 
(CLXXVI) with diisobutylaluminum hydride (DIBAH) 
and methyl chloroformate. 


Addition of 1.1 equivalent of DIBAH to a suspension 
of 10H-pyrido[3,4-b][1,4]benzothiazine (CLXXVI) in dry 
tetrahydrofuran followed by addition of excess methyl chloro- 


formate afforded 10-methoxycarbonyl-10H-pyrido[3 ,4-b][1,4]- 
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benzothiazine (CCXXI) in 9% yield and bis-(3,10-methoxy- 
carbonyl)-10H-3 ,4-dihydropyrido[3 ,4-b][1,4]benzothiazine 
(CCXXII) in 25% yield. The nmr, ir and mass spectral data 
for CCXXI are in accordance with the proposed structure. 
The nmr spectrum(é) of CCXXII exhibits a 6H singlet at 3.82 
accounting for the methyl groups, a 2H multiplet at 4.5 due 
to the C7 -, a 1H doublet (Jy 9=8Hz) at 5.47 attributed 

to the C,-H, a 1H multiplet at 6.83 due to the Cy-H and 


a 4H multiplet at 7.4 assigned to the CoCo He gelne sie 


H H 
Nee NOK 
CO.CH, CO,CH, 


CEXAT CCXXII 


spectrum shows the presence of a carbonyl group at 1730 em7!, 
The mass spectrum of CCXXII exhibits a molecular ion at m/z 
OO ULRaCL Mass Cale: GeLor Cy 5Hy4N20437S: 318.0674; 

found (high resolution ms): 318.0670). 

A mechanism for the formation of CCXXI and CCXXII 
from the reaction of 10H-pyrido[3,4-b][1,4]benzothiazine 
(CLXXVI) with DIBAH and methyl chloroformate is given in 
equation (16). The initial step is complexation of DIBAH 
with CLXXVI at the n!0_position. Subsequent reaction with 


methyl chloroformate affords the n!0-methoxycarbonyl 
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product CCXXI. Further reaction of CCXXI with methyl chloro- 
formate results in formation of the intermediate pyridinium 
salt CCXXIII. Subsequent reaction with DIBAH and quenching 


with water would give CCXXII. 


S 
A.DIBAH | SN 
: CH, >ECHtOCOCInal ~ - 


| CCXKT 
CO,CH, 
CLXXVI 
CH,OCOCI 
(16) 
So ae = i > j-CO,CH, 
Ce 1. DIBAH Ne er (> 
¢o.cH. sate CO,CH; 
COX EE CeXx IE 


Reaction of diphenylamine with diisobutylaluminum 
hydride proceeds rapidly to afford compound CCxx1y306 , 
It is therefore not unexpected that CLXXVI undergoes complex- 
ation with DIBAH at the n!9_ secondary amine site. Addition 
of methyl chloroformate to the CLXXVI-DIBAH complex would 
then give CCXXI. In the reaction sequence proceeding from 
CCXXIII to CCXXII, DIBAH serves as a reducing agent in a 
Manner previously described for the sodium borohydride reduc- 


tion of 3-methyl-10-dialkylaminoalkyl-10H-pyrido[3 ,4-b][1,4]- 
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(COORIOV 
benzothiazinium iodide oxalates. Neumann30/ has 


described the synthesis of 1,2-dihydroquinolines by the 


action of DIBAH on N-acylquinolinium salts (17). 
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3.9.2.0.0 Treatment of 10H-pyrido[3 ,4-b][{1,4]benzothiazine 


with borane-tetrahydrofuran, sodium bis-(2- 
methoxyethoxy) aluminum hydride and methyl chloro- 
formate. 

In the above discussion, the DIBAH-methyl chloro- 
formate procedure of Minter and Stotter29° was used to 
synthesize dihydropyridine derivatives of 10H-pyrido[3,4-b]- 
{[1,4]benzothiazine (CLXXVI). An alternate route to 
dihydropyridyl derivatives of CLXXVI is via the use of 


borane-tetrahydrofuran, sodium bis-(2-methoxyethoxy) aluminum 
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hydride (Redal) and methyl chloroformate. Minter and 
Stotter39> have synthesized 1,2-dihydroquinolines 
starting from quinolines in 85-90% yields using borane- 


tetrahydrofuran, Redal and methyl chloroformate GS). . 
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Reaction of 10H-pyrido[3,4-b][1,4]benzothiazine 
(CLXXVI) with borane-tetrahydrofuran, Kedal and methyl 
chloroformate in dry tetrahydrofuran gave 10-methoxycar- 
bonyl-10H-pyrido[3 ,4-b][1,4]benzothiazine (CCXXI) in 4% 
yield and bis-(3,10-methoxycarbonyl)-3 ,4-dihydropyrido- 
[3,4-b][1,4]benzothiazine (CCXXII) in 38% yield. The spec- 
tral data (nmr and ir) for CCXXI and CCXXII were identical 
to those obtained from the reaction of CLXXVI with DIBAH 


and methyl chloroformate. 
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The mechanism for the formation of CCXXI and 
CCXXII from the reaction of CLXXVI with borane-tetra- 
hydrofuran, Redal and methyl chloroformate is similar to 
that previously discussed for the reaction of CLXXVI with 
DIBAH and methyl chloroformate (16). The initial step is 
likely complexation of borane at the n!0_position of 
CLXXVI. Borane displays weaker electron attracting capa- 
bilities than aluminum hydrides>98 yet it likely complexes 
with the nN! 9- secondary amine of CLXXVI. (‘Addition of 
methyl chloroformate to the CLXXVI-borane complex gives 
10-methoxycarbonyl-10H-pyrido[3 ,4-b][1,4]benzothiazine 
(CCXX1I). Further addition of methyl chloroformate affords 
CCXXIII which in turn is reduced by Redal to give CCXXII in 
the manner described previously [see equation (16)]. The 
product CCXXI can only arise by an initial reaction of DIBAH 


or borane-tetrahydrofuran at the n!0_position. 


3.9.3.0.0 Reaction of 10-(3-dimethylaminopropyl)-10H-pyrido- 
[3,,4-b]{1,4]benzothiazine (CXII) with (Ca) di- 
isobutylaluminum hydride and methyl chloroformate 
and (b) borane-tetrahydrofuran, sodium bis-2- 
(methoxyethoxy)aluminum hydride and methyl chloro- 


formate. 
The proposed mechanism for the reaction of 10H- 
pyrido[3,4-b][1,4]benzothiazine (CLXXVI) with DIBAH is 


initial complexation with the secondary amine at the yl O_ 
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positionatsecssed 150.0) 2h) inespitefofmthe likeiihoodsot 
DIBAH reacting with the terminal amino nitrogen of 10- 
dialkylaminoalkyl-3-azaphenothiazines it was hoped that reac- 
tion of DIBAH would occur only at the N>-position. The 
pharmacological properties of the desired 10-dialkylamino- 
alkyl-dihydro-3-azaphenothiazines would be of interest since 
the charge distribution of 2-chlorophenothiazines is similar 
to that of 3,4-dihydro-3-azaphenothiazines. 

Addition of 1.1 equivalents of DIBAH and excess 
methyl chloroformate to a solution of 10-(3-dimethylamino- 
propyl)-10H-pyrido[3,4-b][1,4]benzothiazine (CXII) in ether 
yielded a red intractable oil from which no identifiable pro- 
duct was isolated. The nmr spectrum of the crude reaction 
material indicated a complete loss of the 10-(3-dimethyl- 
aminopropyl) side chain of CXII and did not show the pre- 
sence of olefinic protons. A similar reaction of CXII, 
DIBAH and methyl chloroformate in tetrahydrofuran yielded 
On lyaOn ule Lie tL ecasOnelor ethers VariatzOneinereactlonsproducts 
in two similar solvents, ether and tetrahydrofuran, is not 
known. Reaction of CXII with borane-tetrahydrofuran, Redal 
and methyl chloroformate in tetrahydrofuran also afforded 
intractable material. The nmr spectrum of the crude reaction 
material showed a complete loss of the N!9_side chain 
from CXII. 

Reactions of 10-dialkylaminoalky1l-3-azaphenothia- 


zines with DIBAH and methyl chloroformate or borane-tetra- 
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hydrofuran, Redal and methyl chloroformate failed to produce 
dihydropyridine derivatives directly. The hydride reagents 
used in the reactions likely decompose the n!0_dialkyl- 
aminoalkyl side chain. Abstraction of the 8 -hydrogen of 
10-(1-methyl-2-dimethylaminoethyl)-10H-pyrido[3,2-b][1,4]- 
benzothiazine by n-butyllithium and elimination to give 1- 
azaphenothiazine (CX1) (19272, Alternatively, CXI may 
arise by attack of n-butyllithium at the o-carbon of 10-(1- 
methyl-2-dimethylaminoethyl)-10H-pyrido[3,2-b][1,4]benzothia- 
zine. It is possible that DIBAH and Redal may react in a 
similar manner and undergo a reaction in the n!0_side 
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A viable alternative to the synthesis of dihydro- 
3-azaphenothiazines possessing 10-dialkylaminoalkyl side 
chains is a protection-deprotection step. Reaction of a 
10-protected-3-azaphenothiazine with DIBAH and methyl 
chloroformate should give a dihydropyridine derivative. 
Removal of the n!9-substitent and alkylation at the 


same position would produce the target products. 
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3.10.0.0.0 Reaction of 10H-pyrido[3,4-b][1,4]benzothiazine 


(CLXXVI) with sodium hydride and tert-butoxy- 
carbonyl azide. 


A possible protecting agent for the n19-nitrogen 
of 3-azaphenothiazine is a tert-butoxycarbonyl group. The 
tert-butoxycarbonyl group is usually stable to base and is 
removed using mild acidic conditions392. Reaction of 
10H-pyrido[3 ,4-b][1,4]benzothiazine (CLXXVI1) and sodium 
hydride with tert-butoxycarbonyl azide was expected to give 
the required 10-tert-butoxycarbonyl-3-azaphenothiazine. The 
desired product from the treatment of CLXXVI with sodium 
hydride and tert-butoxycarbonyl azide however was not 
obtained. The isomeric compound 3-tert-butoxycarbonyl-3H- 
pyrido[3,4-b][1,4]benzothiazine (CCXXV) was isolated in 88% 
yield. 

The nmr spectrum(6) of CCXXV exhibits a 9H singlet 
datelies saCcCOUNLing, Lor thes tert-butyl) group saeZzH doublet 
(Jy 9=8Hz) atso./8, due sto the Ci -H easolemultiplet at 6.9 
attributed to the Cy-H,Ce-Co-H and a 1H doublet (Jy 9=8Hz) of 
doublets (JQ 421-5 Ho) matey 2 OUCBCO MLN Ew Goi wl Ca LT 
spectrum of CCXXV showed the presence of a carbonyl group 
at 1720 em7!. The mass spectrum of CCXXV exhibits a 
molecular ion at m/z 300 (Exact mass calc'd for Cy Hy 6N20234S: 
300.0933; found (high resolution ms): 300.0930). 

Abstraction of the n!9_proton of CLXXVI with 
sodium hydride as indicated previously in the discussion 


yields a species which may localize the charge on the N3- 
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CCXXV 


or n!O_position. Most alkylating and acylating reagents 

add to the N!0-anion of CLXXVI to afford 10-substi- 
tuted-3-azaphenothiazines. It is likely that CCXXV is formed 
exclusively in the reaction of CLXXVI N3-anion with tert-butoxy- 
carbonyl azide because of steric interactions that the yl O. 
anion of CLXXVI encounters when it approaches the azide. 

This maybe due to the puckered conformation of the 3-azapheno- 
thiazine ring system. Dreiding molecular models indicate 

that reaction of the N3-anion of CLXXVI with tert-butoxy- 
carbonyl azide is sterically more favorable than reaction 
with the N!0-anion. 

The N3-tert-butoxycarbonyl amide bond present in 
3-tert-butoxycarbonyl-3H-pyrido[3 ,4-b][1,4]benzothiazine 
(CCXXV) is very labile since purification of CCXXV using 
neutral Alumina column chromatography with methylene chlor- 
ide-methanol (10:1 v/v) as eluant gave 10H-pyrido[3,4-b][1,4]- 


benzothiazine (CLXXVI) as the only product. 
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3.11.0.0.0 Reaction of 10-acetyl-10H-pyrido[3,4-b][1,4]- 
benzothiazine (CCXVI) with diisobutylaluminum 
hydride and methyl chloroformate. 


Previous results in the discussion have shown that 
3-azaphenothiazine (CLXXVI) undergoes reaction with DIBAH 
and methyl chloroformate to give 3,10-bis(methoxycarbonyl)- 
10H-3 ,4-dihydropyrido[3 ,4-b][{1,4]benzothiazine (CCXXII). 

It was hoped that protection of the n!O_position of 
3-azaphenothiazine and reaction with DIBAH-methyl chloro- 
formate would give a dihydropyridine compound. Removal 
of the n!0_protecting group and subsequent n!9-alkyla- 
tion would give the target dihydropyrido[3,4-b][1,4]- 
benzothiazines. Another potential nN! 9-protecting 

group is the acetyl functionality which can be easily 
removed later using base. 

Addition of DIBAH and methychloroformate to a solu- 
tion of 10-acetyl-10H-pyrido[3 ,4-b][1,4]benzothiazine (CCXVI) 
in dry tetrahydrofuran gave 3-methoxycarbonyl-3H-pyrido- 
[324-0 ie a) benzothiazine (CCCXXVE) sineg0feyield. heanmz, 
ir and mass spectral data for CCXXVI are consistent with the 
assigned structure. 

Initially, 10-acetyl-10H-pyrido[3 ,4-b][1,4]benzo- 
thiazine (CCXII) reacts with methyl chloroformate to produce 
a quaternary pyridinium salt at the N3-position (20)-e Ihe 
reagent DIBAH then cleaves the n!9-acetyl group to give an 


anion at the n!9_position (GCCXXVis) se LhemstLuccure 
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CCXXV I 


CCXXVII stabilizes itself by conjugation to give CCXXVI. 
Cleavage of the N!0-acetyl functionality by DIBAH is . 
not surprising since the reaction of 10-acetylphenothiazine 


with n-butyllithium gives rise to the parent phenothia- 


zine3!1, 
S S =e COlCH 
“~N CH,OCOCI Nook 
—_—_—_— 
N ZA N ee 
COCH, COCH, 
CCXLE 
DIBAH (20) 
S~ Z~y-CO,CH, S\ 4SN-CO.CH; 
| gt Cl 
Nae N45 
© 
GOXXVI 


CCXXVII 
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3.12.0.0.0 Pharmacological teStingwor 3-azaphenothiazine 


derivatives. 

Phenothiazines exhibit a variety of pharmacological 
actions including antipsychotic, antihistaminic, antiemetic 
and sedative properties. Clearly the phenothiazines possess 
a complex pharmacological spectrum affecting many processes 
in the body. Some 1-azaphenothiazines which are of clinical 
importance include prothipendyl, pervetral and pipazethate. 
These compounds are marketed as antihistaminic, antiemetic 
and antitussive agents respectively. Clarke and coworkers“/9 
have shown that the 3-azaphenothiazinum chloride CII is a 
potent hypotensive agent. The previously unknown reduced 
pyridyl 3-azaphenothiazines are therefore an interesting 


class of compounds with potential pharmacological activities. 
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3.12.1.0.0 Analgesic properties of 3-azaphenothiazine 


derivatives. 
The analgesic activities for the compounds whose 
preparation was discussed previously were determined using 


the phenylquinone writhing test“99, The results are 
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summarized in Table XVI. All mice were sedated when the 
inhibition was greater than 75%. In those cases where 
inhibition was 75% or less, the mice were either partially 
sedated or behaved in a manner similar to predosing. 

The 10-dialkylaminoalkyl-10H-pyrido[3,4-b][1,4]- 
benzothiazine oxalates listed in Part A of Table XVI demon- 
strated a mild analgesic response. The pyrrolidinyl conm- 
pound CXCIV showed the best activity by exhibiting a 61% 
inhibition at a 5 mg/kg sc dose. 

The analgesic values for the tetrahydropyridyl 
compounds CCxW.. CGxV Ie CCe  CCLIT, CCV, CCViland’CCix are: pre- 
sented in Part B of Table XVI. A range of analgesic poten- 
cies were observed. Those compounds whose R-substituent is 
methyl (CCXV) and pyrrolidinylpropyl (CCVII) exhibit the 
lowest activities. It is interesting to note that the 
pyrrolidinyl compound shown in Part A of Table XVI was the 
most active member of that series while the pyrrolidinyl 
derivative CCVII shown in Part B of Table XVI was the least 
potent member of the tetrahydropyridine group. The mor- 
pholino compound CCIX shown in Part B of Table XVI exhibits 
significant analgesic properties. The EDsg for CCIX is 
0.013 mg/kg sc in mice, one third that of morphine sulfate. 
The mechanism by which CCIX elicits its analgesia is not 
EioOwn @eeltelselikelyethatedsnarcotlceLeceptorn esi Le sis unoc 
involved, as the structural requirements for narcotic 


analgesics described earlier for the piperidylidene 
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analgesics are not present in CCIX. 

The 1,1a,2,3,4,4a-hexahydropyridyl compounds CCII, 
SCiIVeeCCVL » s6GVill Ie and, CCX shown. in Part’ C of TablerxvVl dis- 
played mild analgesia. The morpholino hexahydro compound 
CCX displayed weak analgetic properties. The most potent 
compound is likely the piperidinopropyl analogue CCVI whose 
ED5g is likely near 1 mg/kg sc although additional data 
is required to calculate an accurate value. 

3-tert-Butoxycarbonyl-3H-pyrido[3 ,4-b][1,4]benzo- 
thiazine (CCXXV) (Table XVI) is the most potent analgesic 
prepared in the 3-azaphenothiazine series. It's EDs 
(0.08 mg/kg sc) is one-half that of morphine sulfate. At 
the present time it is not known whether the tert-butoxycar- 
bonyl functionality is cleaved in vivo. This cleavage may 
arise since CCXXV is readily converted into 10H-pyrido[3,4-b]- 
[1,4]benzothiazine (CLXXVI) using mild neutral conditions. 

The structurally related compound 3-methoxycarbonyl-3H- 
pyrido[3,4-b][1,4]benzothiazine (CCXXVI) evinces a signifi- 
cantly lower potency than CCXXV. The 3,4-dihydro compound 
CCXXII also has good analgetic actions. Additional data is 
required to plot an ED5g for bis-(3,10-methoxycarbonyl)- 

10H-3 ,4-dihydropyrido[3 ,4-b][1,4]benzothiazine (CCXXII), how- 
ever, it is likely about 0.1 mg/kg sc. The good analgesia 
demonstrated by the structurally unrelated phenothiazines 3- 
tert-butoxycarbonyl-3H-pyrido[3 ,4-b][1,4]benzothiazine (CCXXV) 
and bis-(3,10-methoxycarbonyl)-10H-3 ,4-dihydropyrido[3 ,4-b]- 
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[1,4]benzothiazine (CCXXII1) may be worthy of further investi- 


gation. 


3.12.2.0.0 Antibacterial properties of 10-dialkylamino- 
aly P-0ho i, 253,4-Letranydro(ipuia, 2eoR sea 
hexahydro) pyrido[3 ,4-b][1,4]benzothiazines. 


The screening procedure used is discussed in the 
experimental. The bacteria used in this screen were 
Staphylococcus aureus, Streptococcus faecalis and Escherichia 
coli. The fungi employed were Candida albicans and 
Saccharomyces cerevisae. The compounds tested in this assay 
abeylPsted™inePart B and Part” C of Table XVI. Compounds CC 
ane CCIII were the only compounds to demonstrate antimicro- 
bial activity. The remaining compounds did not prevent 
microbial or fungal growth at concentrations of 100, 10 and 


1 ug/mL. 


: N-CH, 


cc, R= (CH,) .N(CH3) 5 


Gn $3 oe (CH5) 3N(CH3) 5 


At a concentration of 100 ug/mL CC inhibited the growth of 
S. aureus and E. coli after six days. These organisms multi- 
plied in the presence of 10 and 1 uwg/mL of CC. No other 


bacteria or fungi were inhibited by CC. Compound CCIII was 
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active toward S. aureus and E. coli at 100 ug/mL after 24 
hours at 37°C. This effect was only bacteriostatic in 
nature since S. aureus and E. coli multiplied following a 
further five days incubation in the presence of 100 ug/mL 
OLSCCLiL: 

10-Dialkylaminoalkyl-10H-1,2,3,4-tetrahydro(1,1a,- 
2,3,4,4a-hexahydro) pyrido[3 ,4-b][1,4]benzothiazines demon- 
strate a general lack of antimicrobial and antifungal pro- 
perties. The 1,2,3,4-tetrahydropyrido compound CC may be 
worthy of further investigation since it demonstrated activ- 
ity at 100 ug/mL toward the gram positive organism S. aureus 


and a gram negative organism E. coli. 
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4.0.0.0.0 EXPERIMENTAL 


4.1.0.0.0 General considerations. 

Melting points were determined with a Butchi capil- 
lary apparatus and are uncorrected. Infrared spectra 
(potassium bromide discs unless otherwise specified) were 
taken on a Perkin Elmer 267 or Unicam SP 1000 spectrophoto- 
meter. Nuclear magnetic resonance spectra were recorded for 
solutions of deuterochloroform with TMS as the internal 
standard unless otherwise noted. The spectra were recorded 
on a Varian EM-360A or Bruker Spectrospin 100. Mass spectra 
were measured with an AEI-MS-9 or Hewlett Packard 5995A mass 
Spectrometer. All of the products described gave rise to a 
single spot on tle using three different solvent systems of 
low, medium and high polarity. 

All anhydrous reactions were conducted in pre-dried 
glassware under a positive nitrogen atmosphere. Dry nitro- 
gen gas was obtained by passage through concentrated sulf- 
uric acid, solid potassium hydroxide and then anhydrous 


calcium sulfate. 


Geis 0 mb OLVeNES sande rear ents « 


Reagent grade toluene was boiled under reflux in the 
presence of lithium aluminum hydride for four hours and dis- 


tilled in a closed system for immediate use. 
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Dry ether and tetrahydrofuran were distilled in the 
presence of sodium and benzophenone under a nitrogen atmos- 
phere immediately prior to use. 

Acetonitrile was purified by stirring in the pres- 
ence of calcium hydride for two hours prior to distillation 
and was stored under an atmosphere of nitrogen. 

Dimethyl sulfoxide was dried by heating at reflux 
for three hours in the presence of calcium hydride and was 
distilled prior to storage over 4A molecular sieves under a 
nitrogen atmosphere. 

1-Alkyl(arylalkyl)-1,2,3,4-tetrahydropyridines were 
distilled from potassium hydroxide pellets immediately prior 
to use. 

Methanesulfonyl azide was prepared by the reaction 
of methanesulfonyl chloride with sodium azide using the 
method described by Stout®?, Benzenesulfonyl azide, tosyl 
azide, 4-acetamidobenzenesulfonyl azide, 4-chlorobenzenesul- 
fonyl azide, 4-methoxybenzenesulfonyl azide, 4-nitrobenzene- 
sulfonylazide, 3-nitrobenzenesulfonyl azide, 2-nitrobenzene- 
sulfonyl azide and benzoyl azide were prepared in a similar 
manner. The acid hydrolysis of 4-acetamidobenzenesulfonyl 
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azide using the procedure of Cremyln yielded 


4-aminobenzenesulfonyl azide. Phenyl azide was obtained 
using the method reported by Lindsay and Allen ?13, 
1-Methyl-1,4-dihydropyridine was prepared from the 


reaction of lithium aluminum hydride with N-methoxycarbonyl- 
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1,4-dihydropyridine8? using the procedure described by 
Fowler?4. | 


10H-Pyrido[3 ,4-b][1,4]benzothiazine was prepared 
314 


using the reaction sequence of Kruger and Mann 
Takahashi and Ueda?15 and Clarke and co-workers2/9, 
Potassium tert-butoxide was prepared from the 
reaction of potassium metal with tert-butanol and was 
sublimed under high vacuum (0.1 Torr) prior to use. 
Finally, the author gratefully thanks Boehringer- 
Ingelheim Ltd. for their generous gift of MR-2266((-)2- 


(3-furylmethyl)-5 ,9-diethyl-2-hydroxy-6,7-benzomorphan). 


4.1.1.1.0 Cyanogen azide. 


Cyanogen azide was prepared using the procedure of 
Marsh? 1°, Gyanogen® bromides7Gly. 32 12 ,«10).0 125) mol) jin slam 
dry acetonitrile was added slowly with vigorous stirring to 
a suspension of sodium azide (4.06 g, 0.0625 mol) in 35 mL 
dry acetonitrile under a nitrogen atmosphere at 0°C. After 
stirring for 1 h at 0°C the reaction mixture was slowly 
warmed to 25°C during a 2 h period. The reaction mixture 
was maintained at 25°C for 1 h after which the supernatant 
was transferred using a syringe to a second vessel under a 


nitrogen atmosphere. 


4.1.1.2.0 Pyridine-3-sulfonyl azide. 
Pyridine-3-sulfonic acid (5.0 g, 0.031 mol) and 


phosphorus pentachloride (16 g) were heated for 2 h at 130°C 
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using an oil bath. The liquified mass was carefully poured 
onto 300 mL ice water, extracted with chloroform (3 x 75 mL), 
dried (sodium sulfate) and the solvent removed in vacuo to 
give pyridine-3-sulfonyl chloride as a yellow oil (3.27 g, 
59%) « 

Agso lhietlon fof sodium) azide (Gigs) «2 0.0 7p mol) in 
water (20 mL) was slowly added to a solution of pyridine- 
Basubtonyl Ichloride ¢(2)35 27.0 .0,14;.mol)r in 957% ethanol (30 
Mo Meat OaCRwith stinuingwsa-The.~reactton was stiured for 2 h 
and 50 mL water was added. Extraction with methylene 
chloride (3 x 75 mL), drying (sodium sulfate) and removal of 
the solvent in vacuo afforded powcr ocalaeeal azide as a 
yellow oil (2.51 g, 97%): ir (NaCl film) 2140 cm™! (CN); nmr, 6 
7.75(d(Jy 5=8Hz) pe d(Js5 6=6Hz),1,C5-H), 8.49(d(Jy 5=8Hz) of 
d(Jg g=1 -5Hz) of d(J2 4=1-5HzZ),1,C,-H), 9.13¢d(J5 ¢=6Hz) 
of d(Jy 6=1-5H2Z),1,Ce-H) ,9-26(d(Jo 4=1-5Hz),1,Co-H); 

Exact mass calc'd for C5 H/,Ni092°S: 184.0054; found (high 


Tesomcron ms): 184.0052. 


OEP AT a) 48) 2-Methyl-7-cyano-2,/-diazabicyclo[4.1.0]hept-3- 
ene (CXIV). General Procedure A. 


A solution of cyanogen azide (0.32 g, 4.7 mmol) in 
30 mL acetonitrile, prepared from cyanogen bromide (0.50 g, 
4.7 mmol) and sodium azide (1.53 g, 23.5 mmol) as reported 


previously (4.1.1.1.0) was added slowly with stirring to a 
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solution of 1-methyl-1,4-dihydropyridine (XLIII) (0.45 g, 
4.7 mmol) in 75 mL ether at 25°C. Evolution of nitrogen gas 
was immediate. The reaction was allowed to proceed for 2 h. 
Removal of solvent in vacuo afforded 2-methyl-7-cyano-2 ,7- 
diazabicyclo[4.1.0]hept-3-ene (CXIV) (0.625 g, 99%): mp, 
67-69°C; ir, 1665 (C=C), 2190 cm7! (C=N); nmr,é 2.20- 

2-08 (m2 OG -H)m2.973-20(ms25C7-H>; Ce-H),3-3(s535CH3), 

Bro 2a (ms 19, C/—H), 6 .25(d(J3 4=8Hz) of d(J3 5=2Hz), 

of d(J3 5=2Hz) ,1,C3-H) ; Exact mass calc'd for C7HoN3: 
iBoe0io me rounds(higheresolution= ms) :eel355.0497 ,eAnal. 

Ca lcucmLousC HoNs eG. 62.20 6H, 10.7) seNoi.09 around: 

Gro leiseeet 0.05 sa Nod «Lo. 


4.2.1.2.0 2-Methyl-7-methanesulfonyl-2 ,7/-diazabicyclo- 
[4.1.0]hept-3-ene (CXV). 
A solution of methanesulfonyl azide (0.39 g, 3.2 mmol) 
in 50 mL ether was added to a solution of 1-methyl- 
1,4- dihydropyridine (XLIII) (0.30 g, 3.2 mmol) in 50 mL 
ether at 25°C according to General Procedure A. 
Evaporation of the solvent in vacuo afforded 
2-methyl-7-methanesul fonyl-2 ,7-diazabicyclo[4.1.0]hept-3- 
ene (CXV)(0.58 g, 96%) as a white solid: mp, 70-72°C; ir, 
1670 em7!(c=C); nmr, 6 2.05-2.55(m,2,C5-H), 3.00-3.40 
(m,8 ,SO9CH3 ,NCH3,C,-H,Cg-H), See O=o eo 2 (il C,H) mo eLO 
(d(J3 4=8Hz) of d(J3 5=2Hz) of d(J3 5=2Hz) ,1,C3-H); 
Exact mass calc'd for C7H, 9N 709778: 188.0619; found (high 
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4.2.1.3.0 2-Methyl-7-benzenesulfonyl-2,7-diazabicyclo- 
[4.1.0]Jhept-3-ene (CXVI). 


A solution of benzenesulfonyl azide (0.58 g, 3.2 mmol) 
in 75 mL ether was added slowly to a solution of 1-methyl- 
Wmo-ornvyaropyridines (XULiL (0.30) 73 2 emmOl) mit Semueether, 
according to General Procedure A. The solvent was evapor- 
ated in vacuo to afford 2-methyl-7-benzenesulfonyl-2,7- 
diazabicyclo[4.1.0]Jhept-3-ene (CXVI)(0.78 g, 98%) as a white 
solid: mp, 57-59°C; ir, 1665 cm7!(C=C); nmr, 6 2.10-2.50 
(m5 25 Co-H),3-0273-.42(m,2,C;-H | ,Ce-H) , 3310(s,3,CH3); 
5-16-5.50(m,1,C,-H), 6 .06(d(J3 ,=8Hz) of d(J3 5=2Hz) of 
d(J3 5=2Hz,1,C3-H), 7 .32-7.78(m,3 ,C3-Co phenyl hydrogens), 
7.88-8.13(m,2,Cy and Ce phenyl hydrogens); Exact mass calc'd 
for Cy Hy 4Np09°4S: 250.0776; found (high resolution ms): 
250.0780; Anal. calc'd for C;9Hy,N900S: C, 57.58; 
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4.2.1.4.0 2-Methyl-7-(4-aminobenzenesulfonyl)-2,/7-diaza- 
bicyclo[4.1.0]hept-3-ene (CXVII). 


A solution of 4-aminobenzenesulfonyl azide (0.63 g, 


3.2 mmol) in 75 mL ether was added slowly to a solution of 
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1-methyl-1,4-dihydropyridine (XLIII1) (0.30 g, 3.2 mmol) in 

75 mL ether at 25°C according to General Procedure A. The 
solvent was evaporated in vacuo to afford 2-methyl-7-(4- 
aminobenzenesulfonyl)-2,7-diazabicyclo[4.1.0]hept-3-ene 
(CXVII) (0.82 g, 97%) as a light yellow powder: mp, 188-190°C; 
ir, 1650 (C=C), 3380 (NH,), 3480 cm~! (NH); nmr, CDC13/DMSO-de, 
6 2.00-2.46(m,2,C5-H), 2.90-3.30(m,2,C,-H,Ce-H), 3.08 
(s,3,CH3), 4.94(broad s,2,NH7,exchanges with deuterium oxide), 
5.14-5.50(m,1,C,-H), 6.12(d(J3 ,=8Hz),1,C3-H), Sols 

(d(J9’ 3=8Hz), 2,ortho amino phenyl hydrogens), 7.70(d(Jo’ 3=8Hz) , 
2,ortho sulfonyl phenyl hydrogens); Exact mass calc'd for 

Cy 9Hy5N30227S: 265.0885; found (high resolution ms): 

ZOOS OSS Cj meAlla lca lc™ OBLOr C19H15N300S: Cea S252. 
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4.2.1.5.0 2-Methyl-7-(4-acetamidobenzenesulfonyl)-2,/-diaza- 
bicyclo[4.1.0]hept-3-ene (CXVIII). 


A solution of 4-acetamidobenzenesulfonyl azide 
(0.77 g, 3.2 mmol) in 75 mL chloroform was added slowly to a 
solution of 1-methyl-1,4-dihydropyridine (XLIII) (0.30 g, 
3.2 mmol) in 75 mL chloroform at 25°C according to General 
Procedure A. 

The solvent was evapoated in vacuo to afford 2- 
methyl-7-(4-acetamidobenzenesulfonyl)-2,/7-diazabicyclo[4.1.0]- 


hept-3-ene (CXVIII)(0.925 g, 94%) as a tan colored solid; mp, 
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177-179°C; ir, 1655 (C=C), 1710 (C=0), 3380 cm-! (NH); 

nmr, § 2.10-2.55(m,2,C5-H), 2.21(s,3,COCH3), 2.9-3.3(m,2, 
C,-H,Ce-H), 3.17(s,3,NCH3), 5.20-5.55(m,1,C,-H), 6.12 

(d(J3 ,=8Hz) of d(J3 5=2Hz) of d(J3 5=2Hz),1,C3-H), 
7.60-8.10(m,4,phenyl hydrogens), 9.14(broad s,1,NH,exchanges 
with deuterium oxide); Exact mass calc'd for C4 4H} 7N30322S: 
307.0991; found (high resolution ms): 307.0996; tia leecaicud 
Pome C17,He7No0352gC pmo 40)1 aah 700. 3,7) Nel). 07 eetounG = 

Cp oe Odes mag oD: lode N eli 013 Oe 


4.2.2.0.0 Hydrogenation of 2-methyl-7-methanesulfonyl-2,/7- 
diazabicyclo[4.1.0]hept-3-ene (CXV). 


A mixture of 2-methyl-7-methanesulfonyl-2,/7-diaza- 
cyclo[4.1.0]hept-3-ene (CXV)(0.05 g, 0.27 mmol) and 10% 
palladium on charcoal (10 mg) in 95% ethanol (15 mL) were 
hydrogenated using hydrogen gas at 35 psi. The reaction was 
allowed to proceed for 6 h after which the mixture was 
filtered and the solvent removed in vacuo to afford 
1-methylpiperidylidene-2-methanesulfonamide (CXIX) (0.50 g, 
98%) as a white solid. The nmr, ir and micro-tle of CXIX 


were identical to an authentic sample (see 4.3.2.1.0). 


4.3.0.0.0 1-Methyl-1,2,3,4-tetrahydropyridine (LIII). 
1-Methyl-1,2,3,4-tetrahydropyridine was prepared 


140. 


using the procedure of Beeken and Fowler Freshly sub- 


limed potassium tert-butoxide (0.56 g), anhydrous dimethyl 
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sulfoxide (5.0 mL) and 1-methyl-1,2,3,6-tetrahydropyridine 
(2.3 g, 23.7 mmol) were added in this order to a thoroughly 
dry 10 mL ampule. The ampule and its contents were frozen 
at -77°C and then flushed with nitrogen for 5 min. The 
ampule was evacuated using high vacuum (0.2 Torr) and the 
nitrogen-vacuum process repeated. The ampule was sealed 
under high vacuum and its contents heated at 90°C for 48 h. 
The hot contents of the ampule were then added to 4 mL water 
and quickly extracted with pentane (3 x 25 mL). The 
combined extracts were dried (sodium sulfate), placed over 
potassium hydroxide pellets and the pentane removed under a 
stream of nitrogen to give 1-methyl-1,2,3,4-tetrahydropyri- 
Ciemol | Wat Ow ee. 557) 048s a Drown) liquid. heanm: 
spectrum was in agreement with the assignment of Beeken and 


Fowler!49, 


4.3.1.0.0 Reaction of organic azides with 1-substituted- 
1,2,3,4-tetrahydropyridines: General Procedure B. 


A solution containing one mole equivalent of the 
organic azide in a 10-20 mL volume of ether or methylene 
chloride was added slowly to a solution of one mole equiva- 
lent of the 1-substituted-1,2,3,4-tetrahydropyridine in a 
small volume of ether at room temperature with stirring. 
The evolution of nitrogen gas was immediate. The reaction 


was allowed to proceed for 1 h. The product was then 
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filtered and sublimed or recrystallized from the appropriate 


solvent as described for the individual reactions. 


Avior? el .U 1-Methylpiperidylidine-2-methanesulfonamide 
COXT Ae 


A solution of methanesulfonyl azide (0.380 g, 
3.14 mmol) in 5 mL ether was added dropwise to a solution of 
1-methyl-1,2,3,4-tetrahydropyridine (LIII)(0.305 g, 3.14 mmol) 
in 20 mL ether at 25°C according to General Procedure B. 
Recrystallization from methylene chloride-ether afforded 
1-methylpiperidylidene-2-methanesulfonamide (CXIX) (0.492 g, 
82%) as a white solid: mp, 130-131°C; ir, 1590 em7! 
(C=N) ; nor, 6 1.69-2.00(m,4,C,-H,Cs-H), 2.93-3.24 
(m,8 ,SO9CH3,NCH3,C3-H), 325-3 .93(m,2,Ce-H)ije Exact mass 
calc'd for C7Hy,N7072*S: 190.0776; found (high resolu- 
tion ms): 190.0787; Anal. calc'd for C7H;,N909S: C, 44.19; 
emt Nee 4 2 LOUNGE a Cc O04 ua saree OL NG alc. One 


4.3.2.2.0 1-Methylpiperidylidene-2-cyanamide (CXXI). 


A solution of cyanogen azide prepared from cyanogen 
bromide (1.32 g, 0.0125 mol) and sodium azide (0.81 g, 
0.0125 mol) in 47 mL of dry acetonitrile, as described 
previously (4.1.1.1.0), was added slowly with stirring to a 
solution of 1-methyl-1,2,3,4-tetrahydropyridine (LIII) 
COPS ver wUCOlEMOl sine emiusOtsdnyeacelonitrmilesundensa 
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was immediate. The reaction was allowed to proceed for 1 h 
after which the solvent was removed in vacuo. Recrystal- 
lization from ether-acetonitrile afforded 1-methylpiper- 
idylidene-2-cyanamide (CXX1)(1.11 g, 81%): mp, 98°C; ir, 

2190 (C=N), 1610 cm™! (C=N); nmr, 6 1.73-2.04 (m,4,C,-H, 

Co-H), 2.60-2.87(m,2,C3-H), 3.04(s,3,CH3), 3.34-3.58(m,2,C_-H) ; 
Exact mass calc'd for C7H;1N3: 137.0953; found (high resolu- 
ELODSMs il /09) pe Ala oe Cal cud etor CUHy Ng: ©, 61-29; 
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4.3.2.2.1 1-Methyl-2-piperidone (CXXII). 

A solution of 1-methylpiperidylidene-2-cyanamide 
Coxe DaCOe7Omoe Wesoemmol jemand Ohmi ofs10,esul furiceacidain 
100 mL methanol was heated at reflux for 16 h28!. The 
solution was neutralized to pH 7 using 10% aqueous sodium 
hydroxide, filtered and the solution evaporated in vacuo to 
remove the methanol. Extraction of the remaining aqueous 
mother liquor with chloroform (3 x 50 mL), drying (sodium 
sulfate) and removal of the solvent in vacuo afforded 
1-methyl-2-piperidone (CXXII) (0.091 g, 55%) as a tan colored 
liquid which exhibited ir (NaCl film) and nmr spectra 


identical to an authentic sample. 


4.3.2.3.0 1-Methylpiperidylidene-2-benzenesulfonamide 
(CXXIII). 


A solution of benzenesulfonyl azide (0.55 g, 


3.03 mmol) in 10 mL ether was added dropwise to a solution of 
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1-methyl-1,2,3,4-tetrahydropyridine (LIII) (0.294 g, 3.03 
mmol) in 20 mL ether at 25°C according to General Procedure 
B. Recrystallization from methylene chloride-ether afforded 
1-methylpiperidylidene-2-benzenesulfonamide (CXXIII) (0.54 ge, 
71%) as colorless needles: mp, 104°C; ir, 1580 cm! 

(C=N); nmr, 6 1.60-1.89(m,4,C,-H,C5-H), 2.89-3.20 
(m,5,C3-H,CH3), 3.20-3.50(m,2,Ce-H), 7.48(m,3,C3’-Cs! 

phenyl hydrogens), 7.96(m,2,C)‘ and Cg‘ phenyl hydro- 
Pensyiamanalyeale id gtom CrotipNoOoS2eeCnesf4tl2; Hao. 39: 
Neelb7 lO founds90Cabo'SO0seH> 6457-8N  Phisiag 


4.3.2.4.0 1-Methylpiperidylidene-2-(4-methylphenyl) sulfon- 
amide (CXXIV). 


APsolution Of “tosyl azide. (2.41 8,712.2 3mmol)s ing?» 
mL ether was added dropwise to a solution of 1-methyl- 
eee oo4atetranydropyridine, (EIil) Cl.18 2) e12.25mmoljeines0 
mL of ether at 25°C according to General Procedure B. 
Recrystallization from carbon tetrachloride afforded 
1-methylpiperidylidene-2-(4-methylphenyl)sulfonamide (CXXIV) 
(2-5 2uec 5 787.) tasea ewhiteypowdern¢ mp yplhO=t hy G; gir e585 
cm”! (C=N); nmr, 6 1.60-1.90(m,4,C,-H,C.-H), 2.39 
(s,3,CgH,-CH3), 2 .92-3.20(m,5,C3-H,N-CH3), 3.20-3.47 
(m2 5Gg-H):, 7 .34(d(Jo’ 3/ =8Hz) ,2,C3%and Ges phenyl 
hydrogens) , 7 .86(d(Jo 3=8Hz) ,2,Co’ and Co’ phenyl 
hydrogens). Anal. calc'd for C13H1gN909S: C, 58663 
HeaES cote NpetO.52efounds 9.6, 659332; CH5 868727 0N, 210660. 
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(Diya erm ed 8) 1-Methylpiperidylidene-2-(4-chloropheny1) sul fon- 
amide (CKXV). 


A solution of 4-chlorobenzenesulfonyl azide (1.54 g, 
7.1 mmol) in 10 mL ether was added dropwise to a solution of 
1-methyl-1,2,3,4-tetrahydropyridine (LIII) (0.69 g, 7.1 mmol) 
in 20 mL ether at 25°C according to General Procedure B. 
Recrystallization from carbon tetrachloride-petroleum ether 
(bp 60-90°C) gave 1-methylpiperidylidene-2-(4-chlorophenyl)- 
sulfonamide (CXXV) (1.48 g, 73%) as white needles: mp, 
106-107°C; ir, 1590 cm™! (C=N); nmr,é1.72-2.00 
(m,4,C,-H,Co-H), 3.00-3.31(m,5,C3-H,CH3), 3.30-3.56 
(m,2,C,-H), 7 .50(d(Jo! 3=8Hz) ,2,C3’ and C.’ phenyl 
hydrogens), 8 .00(d(Jo’ J=8HZ) , 2, Co” and C¢’ phenyl 
hydrogens); Anal. calc'd for Cy 9Hj5N202SC1: C, 50.25; 
Tre Nee Je ee OUIG Ce in 0 Siem pee pee ei al oe 


4.3.2.6.0 1-Methylpiperidylidene-2-(4-methoxyphenyl)sulfon- 
amide (CXXVI). 


A solution of 4-methoxybenzenesulfonyl azide (1.52 g, 
7.1 mmol) in 10 mL ether was added dropwise to a solution of 
1-methyl-1,2,3,4-tetrahydropyridine (LIII) (0.69 g, 7.1 mmol) 
in 30 mL ether at 25°C according to General Procedure B. 
Sublimation under high vacuum (0.1 Torr, 11DeC)maictonded 
1-methylpiperidylidene-2-(4-methoxyphenyl) sulfonamide 
COV IN Gi aimeo0 eas aewiite powdeL- se tp eg) Os—1050G: air, 
1585 cm™! (C=N); nmr, 6 1.62-1.93(m,4,C,-H,C,y-H), 2.90-3.23 
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(m,5,C3-H,N-CH3), 3 +23-3.52(m,2,C¢-H), 3.87(s,3,0CH3), 

6 .97(d(J9’ 3=8Hz) ,2,C3 and Cs phenyl hydrogens), 7.92 
(d(Jo’ 3=8Hz) ,2,Co’ and Co’ phenyl hydrogens). Anal. calc'd 
for C1 3H, gNo03S: C moO Oem ,26°.43°0N 96 92edtounde 

67 e05el OsnHe€6435.8N51 9791. 


4.3.2.7.0 1-Methylpiperidylidene-2-(4-nitrophenyl)sulfon- 
amide (CXXVII). 


A solution of 4-nitrobenzenesulfonyl azide (1.06 g, 
4.65 mmol) in 10 mL methylene chloride was added dropwise to 
a solution of 1-methyl-1,2,3,4-tetrahydropyridine (LIII) 
(0-45 g, 4.64 mmol) in 40 mL ether at 25°C according to 
General Procedure B. 

Recrystallization from carbon tetrachloride-acetone 
afforded 1-methylpiperidylidene-2-(4-nitrophenyl) sulfonamide 
(CXXVII) (0.89 g, 65%) as a dark yellow powder: mp, 147- 
148°C; ir, 1595 cm™! (C=N); nmr, Acetone-d, ,6 1.83-2.00 
(m,4,C,-H,Co-H), 2.90-3.21(m,5,C3-H,CH3), 3.40-3.70 
(m,2,Ce-H), 8 .19(d(Jo" J=8HZ) ,2,Co’ and Cg’ phenyl hydro- 
gens or C,’ and C,’ phenyl hydrogens), 8 .49(d(Jo’ 3=8Hz), 
2,Co’ and Ce’ phenyl hydrogens or C3’ and Cx’ phenyl hydro- 
gens); Anal. calc'd for C;9H;,5N30,S: C, 48.48; 
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4.3.2.8.0 1-Methylpiperidylidene-2-(3-nitrophenyl)sulfon- 
amide (CXXVIII). 


A solution of 3-nitrobenzenesulfonyl azide (0.97 g, 
4.25 mmol) in 15 mL methylene chloride was added dropwise to 
a solution of 1-methyl-1,2,3,4-tetrahydropyridine (LIII) 
(0.41 g, 4.23 mmol) in 30 mL ether at 25°C according to 
General Procedure B. Recrystallization from carbon tetra- 
chloride-acetone afforded 1-methylpiperidylidene-2-(3-nitro- 
phenyl)sulfonamide (CXXVIII) (554 mg) as a yellow solid. The 
solvent obtained in the filtration step was evaporated in 
vacuo to afford a yellow solid which was subjected to pre- 
parative tic susinpweipht.20 x 20 cmosilicalseluG plates, 
0.75 mm in thickness, with methylene chloride-acetone 
(10:1 v/v) as development solvent. Extraction of the frac- 
tion having R¢ 0.58 using 50 mL hot acetone gave (CXXVIII) 
(0.257 g). (Total yield of 1-methylpiperidylidene-2-(3- 
nitrophenyl)sulfonamide was 0.811 g, 65%): mp, 136-137°C; 
ir, 1590 cm7! (C=N); nmr, Acetone-dg, 6 1.71-2.08(m,4,C,-H, 
C5-H), 2.90-3.12(m,5,C3-H,CH3), 3.40-3.69(m,2,Ce-H), 7.91 
(d(Jy’ ’=8Hz) of d(JI5/ 6=8Hz) ,1,C5 phenyl hydrogen), 8.43 
(m,2,C,’-H phenyl hydrogen,C¢’ phenyl hydrogen), 8.72 
(d(Jo' 4=2Hz) of d(Jo’ ¢=2Hz) ,1,C2’ phenyl hydrogen); Anal. 
calc'd for C,9H,5N30,S: C, 48.48; H, 5.09; N, 14.13; 
Found :-S=Gss48.40" He Sei - PN 5=14%096 Extraction= ot" the 


fraction having R¢ 0.94 using 50 mL hot acetone gave 3- 


| 2 A 7" 0 7 


~notinel [yasige 


pay 


<a inieanles ee 
8 2,0) ottee Iynot Kode? ° 703 =I mY 


o2 salwgerb bebbts ws want estem in 2f at (fom amma. 28 
(ILE) aadbdeeqosbytanieok, 2) spe 0 aol: vt 


03 geibtosser oes im vetae dm Of (Lomm es. A 4g 1.0) 


: ee ele ha! : 4 ia’ et 

~et232 aodshs meaz aatasertfggeqroaa - fl ezubss0x4 | : sen) 2 
Pay 

-ousin-£)-o -essbhLivhizeqgighgnian-t bsbsolts snosso8-sb: en 


ent .bitoe wolleg » en (ge be8) (EIVXXO) sb saeco? Lue ym rong 


ne Esieroqa 73 S8¥ bbe aeizess 23 ont nt bentasdo 2 ee a 
=e rss 
| tg 03 bs2ce(dwe sew “datdw Biloe wolley B a+ at a of 
, 
aa 
lq 2 fee sortlie wn oe x OS adgte gniau oft vise 
wrt, ao! = 


siosena-sbirofd9 aca lydzem Shy -seomiotda ak 


-~pevi s49.f0 nelsostI<a » TAVLOS . | tnamgofavab on an a “1g9 
(11 1VEXD) oveg anosase Jom Te 02 grew 82. bf we -galvad ota 
-£)-S-sneh iybrregtgiytame>| to biety {e201} d (8 (28.0) 
:o"Vet~-SEt ,qe 7 OREO ea re new es (lye iqoxst ber 
(= .2, #0) 80. 9-05. 1 & .ghemogemah ait yctec va eee ; 
Fen. , 20+ S80 Cnel he Bg ite 
ir cd. teaming fae (nH8~5 


209 


nitrobenzenesulfonyl azide (0.087 g, 9%), which was identical 


(nmr and micro-tlc) with an authentic sample. 


4.3.2.9.0 1-Methylpiperidylidene-2-(2-nitrophenyl) sulfon- 
amide(CXXIX). 

A solution of 2-nitrobenzenesulfonyl azide (1.03 g, 
4.52 mmol) in 20 mL ether was added dropwise to a solution 
Oiml-methiyi=is 275 ,4—Celranydropyridines (ELLE) (0.44 cea. o3 
mmol) in 30 mL ether at 25°C according to General Procedure 
B. Recrystallization from carbon tetrachloride-acetone 
afforded 1-methylpiperidylidene-2-(2-nitrophenyl) sulfonamide 
(CXXIX) (0.90 g, 67%): mp, 126-127°C; ir, 1585 cm™! 
(C=N); nmr, Acetone-dg, 6 1.68-2.19(m,4,C,-H,Cs-H), 
2.82-3.20(m,5 ,C3-H,CH3), 3.40-3.68(m,2,Ce-H), 7.78-7.92 
(m,2,C,’ phenyl hydrogen,Cs’ phenyl hydrogen), 8.06-8.20 
(m,2,C3’ phenyl hydrogen,C¢’ phenyl hydrogen); Anal. calc'd 
for Cy9Hy5N30,S: C, 48.48; H, 5.09; N, 14.13; found: 
Gre JB 4r tHe ti4 9.96 Now ee Oe 


4.3.2.10.0 1-Methylpiperidylidene-2-(4-acetamidophenyl)- 
sulfonamide(CXXX). 


A solution of 4-acetamidobenzenesulfonyl azide 
(O22552,91.04 mmol) in 5 mi methylene chloride was added 
dropwise to a solution of 1-methyl-1,2,3,4-tetrahydropyri- 
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according to General Procedure B. Recrystallization from 
methylene chloride-ether afforded 1-methylpiperidylidene-2- 
(4-acetamidophenyl) sulfonamide (CXXX) (0.25 g, 79%) as a 

ye. lowmpowder: Pinpy 222-2236C, ir, 1710 (C=0)2)1595 

cm | (C=N); nmr, Acetone dg,9 1.58-1.82(m,4,C,-H,C.-H), 
2.12(s,3,C(0)CH3), 2.72-3.12(m,5,C3-H,NCH,), 3.22-3.60 
(m,3,Cg-H,NH,exchanges with deuterium oxide), 7.81(,4, 
phenyl hydrogens); Anal. calc'd for C1 4H19N303S: 

CEsoe ODEs He Orl Ie Nige Soc ound 3) Cl 253.81e He) 64315 

N, 13.48. 


4.3.2.11.0 1-Methylpiperidylidene-2-(4-aminopheny]l) sulfon- 
amide(CXXXI1). 

APSOLUCLONSOLeSU rane y mazltdcm( UmzO0mo ne 03s mmol) 
in 5 mL ether was added dropwise to a solution of 1-methyl- 
Teo, 4=cecrahydropyri dines Cl) liom (GO. Use ml OSemmol jin 20 
mL ether according to General Procedure B. kKecrystalliza- 
tion from methylene chloride-ether gave 1-methylpiperidyli- 
dene-2-(4-aminophenyl)sulfonamide (CXXX1) (0.245 g, 89%) as a 
light yellow powder: mp, 187-188°C; ir: 3480 (NH»), 3380 
(NH>), 1590 cm7! (C=N); nmr, 6 1.60-1.89(m,4,Cy-H,Cs-H), 
2.90-3.21(m,5,C3-H,CH3), 3.21-3.48(m,2,Ce-H), 4.11 (broad 
s,2,NH),exchanges with deuterium oxide), 6 .67(d(Jo’ 3=8Hz), 
2,C3’ and C5’ phenyl hydrogens), 7 .73(d(Jo' 3=8HZ) ,2,Co’ 
and C¢‘ phenyl hydrogens); Anal. calc'd for C,9H,7N309S: 

Grets 3 acl - Piha. 4 1PaaN eae Zee found 3a9C 34305 eH, 466245 
N, 15.64. 


moxrt molcaniigase 


sf 


~Siybitaqigiydsem-! s¥ag ane tee 7 2) a0. 23 . 
o : 

s en (F068 .g 2@8$.0)¢( 100) ramen ce 

OSEE .(yHR) O8AE sah ;o°est-ter ph Rergcer 


ee 
beotd) Mf.4 , egy tee 
‘- as ee bat . F 


fouue €O.f .g OS-D} absee Pyléingtiea Jo nolszolos A. — 


¢fzest-' fo solieioe » 04 satwgezb bebbs: ssw rodas, iat @ 


seiflaseytoed .a sswheodxl Iazaned 02 gatbsooo8 39k —— 


“ore obs fyb) xaghgigsea . , . 
e ae (DR sa ea aoe on cai x 20a~d » 
(0x3) OFTE Ce ie*ess-S5¢ a0 r gen Z 5 wont 

(HD. B=39, da SR HORT 8, 3b wn 1) ded | 

Os E~SS.£, . (gio, fi-g. dm St E~S¥.5 , (gHOC0)9, £,8)8 

Aev0G." ) Obie a ssdahlaladaahd da.tw eognarioxs, tat 

:ZeQpo Hag’? 203 6° oles .ianh ; conmgonbes md 


- £.@ va - 78.2 0 : oeurel , 6. Et 4M 72h. 3 1B 52t008 : 
: adel 
a _ ’ a 
wile ( fyantiqontme-g)-S-gugbtivh treaigtyaseN-1. 05 papers a 


7 
»(IXPXO)eblias © ro 
fi 


- 
_ 


at (fom @).1 ,2 Gf.6) €9FSd) sotbisyqorbydaxts3-a, 4 is 


J 


ie 


gd, i=, ba) 88s ld a a i 


Rens xi yo ed Len 
= Cat xk 


- 


Zi} 


4.3.2.12.0 1-Methylpiperidylidene-2-(3-pyridyl) sulfonamide 
CXXXII 


A solution of pyridine-3-sulfonyl azide (2.51 g, 
13.6 mmol) in 10 mL methylene chloride was added dropwise to 
a solution of 1-methyl-1,2,3,4-tetrahydropyridine (LIII) 
Cio2 eo io Ommmnom mines murether rate25+ Ceaccordinc=to 
General Procedure B. Recrystallization from carbon tetra- 
chloride-isomeric hexanes afforded 1-methylpiperidylidene-2- 
(3-pyridyl)sulfonamide (CXXXII1)(2.72 g, 79%) as white 
flakes: mp, 96-97°C; ir, 1600 em7!(C=N); nmr, 6 
1.71-2.02(m,4,C,-H,C5-H), 3.03-3.21(m,5,C,-H,CH3), 3.21-3.59 
(m,2,Cg-H), 7.47(d(J5’ g=8Hz) of d(Jy! =6Hz) ,1,C5’ 
pyridyl hydrogen), 8 .32(d(Js5’ ¢=8Hz) of d(Jo’ 6=2Hz) 
of d(Sy/ ¢=2Hz) ,1,C¢’ pyridyl hydrogen), 8.81 (d(J)’ s=6Hz) 
of d(Jy’ g=2Hz) ,1,C,’ pyridyl hydrogen), 9.26(d(Jo’ 6=2Hz), 
1,Co’ pyridyl hydrogen); Anal. cale'd for C1 1H15N309S: 
CRD FOP Mee 9 Nee G oo LOUNGE Cre) 1g, JO eH oeo.7.- 
N77 16.63% 


4.3.2.13.1 1-Methylpiperidylidene-2-(3-aminopheny])sulfon- 


amide (CXXXIII). 
A solution of 85% hydrazine hydrate (0.5 mL) and 10% 


palladium on charcoal (30 mg) 284 was added to a suspension 
of 1-methylpiperidylidene-2-(3-nitrophenyl) sulfonamide 
COXXVITI) (0720 gy Oso7 mmol) in 30*mL™ot 95, ~ethanol=at"0°C 


with stirring. The reaction was then allowed to return to 
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25°C. The mixture was stirred until the reaction was 
complete (16 h), as shown by the disappearance of CXXVIII by 
micro-tlc. The reaction mixture was filtered and water (50 
mL) was added to the filtrate. Extraction with methylene 
chloride (5 x 50 mL), drying (sodium sulfate) and removal of 
the solvent in vacuo gave a yellow mass. Recrystallization 
from carbon tetrachloride-acetone afforded 1-methylpiperi- 
dylidene-2-(3-aminophenyl)sulfonamide (CXXXIII) (0.14 g, 782) 
as light yellow crystals; mp, 165°C; ir, 1590 (C=N), 3370 
(NHy), 3470 cm! (NHy); nmr, DMSO-dg, 1.55-1.86 6 
(m,4,C,-H,C5-H), 2.74-3.07(m,2,C3-H), 3.07(s,3,CH3), 
3.19-3.57(m,2,Cg-H), 5.48(broad s,2,NHj),exchanges with 
deuterium oxide), 6.69-7.30(m,4,phenyl hydrogens); Anal. 
ealeyd foreC) 9H] 7N305Sc0(.C, 532915 Hy, 6-423; .5N,415.7 26 

fourdsen :, 52.63 ;abHee 6.985" N 65 7.0. 


4.3.2.13.2 1-Methylpiperidylidene-2-(2-aminopheny1)sulfon- 
amide (CXXXIV). 


10% Palladium on charcoal (75 mg) and 95% hydrazine 
(1.0 mL) were added to a suspension of 1-methylpiperidyl- 
idene-2-(2-nitrophenyl)sulfonamide (CXXIX) (0.44 g, 1.48 mmol) 
in 45 mL of 95% ethanol at O°C with stirring. The reaction 
was allowed to reflux for 12 h. The mixture was filtered 
and water (50 mL) was added to the filtrate. Extraction 
with methylene chloride (4 x 75 mL), drying (sodium sulfate) 


and removal of the solvent in vacuo gave 0.365 g of a thick 
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green oil. An aliquot (0.35g) was subjected to preparative 
tle using ten 20x20 cm silica gel G plates, 0.75 mm in 
thickness, with methylene chloride-acetone (5:1 v/v) as the 
development solvent. Extraction of the lower one-third of 
the fraction having R¢ 0.58 using 75 mL hot acetone gave 
1-methylpiperidylidene-2-(2-aminophenyl)sulfonamide (CXXXIV) 
CON075 Genel We)eas ablishtebrownisolida’ -mpwenl4°Cimiz, 10570 
(C=N), 3380 (NH), 3480 cm7! (NH); nmr, Acetone- 

dan 6 1205-1 .93(m,2,.C,-H or CSeAeb) 96-22 21m, 2 Cer 

or Co-H), 2.80-3.04(m,2,C3-H), 3.05(s,3,CH3), 

SSS iolois Cay Gre ly 5 .59 (broad s,2,NH),exchanges with 
deuterium oxide), 6 .54-7.00(m,2,C3’ and C.’ phenyl hydrogens), 
7.29(d(Jy 5=8Hz) of d(J3 4=8Hz) ee d(Jy’ 6=2Hz) 1, Cy’ 

phenyl hydrogen), 7.74(d(Js5’ ¢=8Hz) of d(Jy/ ¢=2Hz) ,1,C¢’ phenyl 
hydrogen); Exact mass calc'd for Cy 9H 7N302°S, ZO Ten Oenle: 
found (high resolution ms): 267.1043. A sample of CXXXIV 
did not give an acceptable elemental analysis: Anal. calc'd 
For Cy,9H,7N309S: C, 53.91; H, 6.41; N, 15.72; 

COULG CMe Gees oral yO 65 2GcuN 8h 46 ili. 


4.4.1.1.0 1-(2-Phenylethyl)-1,2,3,6-tetrahydropyridine 


(CXXXV) . 
1H-1,2,3,6-Tetrahydropyridine (9.0 g, 0.108 mol) and 


2-phenylethyl bromide (10.0 g, 0.054 mol) in 75 mL toluene 
were heated at reflux for 10 h with stirring. The reaction 
mixture was cooled to 25°C and the precipitate of 1H-1,2,3,6- 


tetrahydropyridine hydrobromide was filtered. The toluene 
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was evaporated in vacuo. The residue was distilled from 
potassium hydroxide pellets at 146°C (21 mm Hg) to give 
1-(2-phenylethyl)-1,2,3,6-tetrahydropyridine (CXXXV) (8.8 g, 
87%) as a colorless oil: ir(NaCl), 1610 em! (C=C); nmr,6 
2.06-2.37(m,2,C3-H), 2.52-2.90(m,6,Ce-H, CH» CHoCeHs) , 
2.90-3.19(m,2,Ce-H), 5.72(m,2,C,-H,Ce-H), 7.23(m,5,CeHs) ; 
Exact mass catc"d=for C13H17N, 187.1361; found: (m + 1) 
188 (CI(NH3)-ms) ; TODO, 0m andeo 2 Jove Cems) i 


4.4.1.2.0 1-(2-Phenylethyl)-1,2,3,4-tetrahydropyridine 
(CXXXVI). 


: Freshly sublimed potassium tert-butoxide (0.56 g), 
anhydrous dimethyl sulfoxide (5.0 mL) and 1-(2-phenylethyl)- 
1,2,3,6-tetrahydropyridine (4.36 g, 23.3 mmol) were added in 
this order to a thoroughly dry 10 mL ampule. The ampule and 
its contents were frozen at -77°C and then flushed with 
nitrogen for 5 min. High vacuum (0.2 Torr) was then applied 
to the contents for 5 min and the nitrogen-vacuum process 
repeated again. The ampule was then sealed and heated at 
90°C for 48 h. The hot contents of the ampule were then 
added to 4 mL water and quickly extracted with pentane 
(3 x 25 mL) followed by drying with sodium sulfate. The 
combined extracts were placed over potassium hydroxide 
pellets and the pentane removed under a stream of nitrogen 
to give 1-(2-phenylethyl)-1,2,3,4-tetrahydropyridine 
(OXXXVL) 4.06) 2, 937)44ce a sbrownediquids snmr.6..1.96-2.00 
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m,2,C3-H), 2.06-2.17(m,2,C,-H), 2.49-3.09(m,6,Co-H, 
CH» CHo Ce Hs ) ad -50-5.93(m,2 »Co-H, Ce-H) 7, Ads y Gilets) »CeHs ) ; 

Exact mass calc'd for C,3H,7N: 187.1361; found (high resol- 
TE LOMSMS 2 8 tl Oisel 55 dr. 


4.4.2.1.0 1-(2-Phenylethyl)piperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CXXXVII). 

A solution of 4-chlorobenzenesulfonyl azide (0.60 g, 
2.76 mmol) in 10 mL ether was added dropwise to a solution 
of 1-(2-phenylethyl)-1,2,3,4-tetrahydropyridine (CXXXVI) 
(On (mere. / Gamo ine Oem ethereate2>eCawithestirring. 
Evolution of nitrogen gas began 20 sec after final addition 
of the azide. The reaction was allowed to continue for one 
hour. The solvent was evaporated in vacuo to give a thick 
oil which was subjected to preparative tlc using twelve 
20°x 20 cm silica gel G plates, O./5 mm in) thickness, with 
ether as the development solvent. Extraction of the band 
having Re 0.46 using 75 mL hot acetone gave 1-(2-phenyl- 
ethyl) piperidylidene-2-(4-chlorophenyl)sulfonamide (CXXXVIL) 
(O22 ees) as a white powder: mp, 1O-tll.C.e dry) 45/0 
cm! (C=N); nmr,é 1.52-1.85(m,4,C,-H,Cs-H), 2.71-3.34 
(m,6,C3-H) ,CgH,CHjCH)CgHs or CHyCHoCeHs), 3.62 
(t (Jou, CHpPh=SH2) » 2 .CHy CH) CeHs or CH)CHoCeHs), 6.92-7.33 
(m,5,CeHs), 7 44(d(Jo! 3=8Hz) ,2,C3/ and Cc’ phenyl hydrogens), 
7 .93(d(Jo’ 3=8Hz) ,2,Co’ and Ce’ phenyl hydrogens); Anal. calc'd for 
CygH21Np07SC1: C, 60.55; H, 5.62; N, Joo se cOunG: 
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CenOUle2),) or OO,mN ye e244. EXtraction ofmthesbandsnavang 
Re 0.94 with 75 mL hot acetone gave 4-chlorobenzene- 
sulfonyl azide (0.395 g, 66%) which was identical (nmr and 


micro tlc) to an authentic sample. 


BROT RIALS 1-(2-Phenylethy1) piperidylidene-2-(4-aminophenyl- 
sulfonamide (CXXXVIII). 


A solution of 4-aminobenzenesulfonyl azide (0.48 g, 
2.42 mmol) in 10 mL ether was added dropwise to a solution 
of 1-(2-phenylethyl)-1,2,3,4-tetrahydropyridine (CXXXVI) 
(Oo4ome., 2s.ele mmo l)ein s20eml lethersaty25-C according to 
General Procedure B. Recrystallization from carbon tetra- 
chloride-acetone afforded 1-(2-phenylethyl) piperidylidene- 
2-(4-aminophenyl)sulfonamide (CXXXVIII) (0.24 g, 29%) as a 
light yellow powder: mp, 170-171°C; ir, 3370 (NH»), 3470 
(NHy), 1565 cm7! (C=N); nmr, 6 1.56-1.78(m,4,C,-H,Cs-H) , 
2.74-3.28(m,6 ,C3-H,Cg-H,CH)CH)CgHs or CHyCH»CgH,), 3.68 
(t Joy» cHyph=SH2) »2,CHpCHyCHgHs or CHyCHyCgHs), 
4.07(broad s,2,NH),exchanges with deuterium oxide), 
6 .68(d(Jo’ g=8Hz) ,2, C3! and C5’ phenyl hydrogens) , 
7.00-7.39(m,5,CeHs), 7.73(d(J9’ 3=8Hz) ,2,Co’ and C6’ phenyl 
hydrogens). Anal. calc'd for C,gH)3N307S: C, 63.84; H, 6.49; 
Nimes / DO EOUNG mC emOSmOll m0. 32 a Njmlliscy melo Cm LLL Lrate 
was evaporated in vacuo to give 4-aminobenzenesulfonyl azide 
(0.295 g, 62%) which was identical (nmr, micro-tlc) to an 


authentic sample. 
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4.4.2.3.0 1-(2-Phenylethyl) piperidylidene-2-(3-pyridyl)- 
sulfonamide (CXXXIX). 

A solution of pyridine-3-sulfonyl azide (0.61 g, 3.32 
mmol) in 10 mL ether was added dropwise to a solution of 
1-(2-phenylethyl)-1,2,3,4-tetrahydropyridine (CXXXVI1) 

(0.62 g, 3.32 mmol) in 15 mL ether with stirring. Evolution 
of nitrogen gas began 15 sec after addition of the azide. 
The reaction was allowed to proceed for 1 h. The solvent 
was evaporated in vacuo to give a thick oil which was sub- 
jected to preparative tle using twelve 20 x 20 cm silica gel 
G plates, 0.75 mm in thickness, with ether as the development 
solvent. Extraction of the band having R>¢ 0.15 with 75 mL 
hot acetone gave 1-(2-phenylethyl)piperidylidene-2- 
(3-pyridyl) sulfonamide (CXXXIX) (0.26 g, 23%) as a white 
solid: mp, 105-106°C; ir, 1575 cm7! (C=N); nmr, 6 1.59-1.87 
(m,4,C,-H,Co-H), 2.75-3.33(m,6 ,C3-H,Ce-H, CHoCHo Ce Hs 

or CHjCH»CeHs), 3-68 (t (Joyo CHa Ph= HZ »2 CH) CHa Ce Hs or 
CHyCHoCeHs), 6 .97-7.60(m,6,CeHs ,Cs5’ pyridyl proton), 

8 .31(d(Js’ ¢=8Hz) of d(Jo! g=2Hz) of d(J,! g=2Hz) ,1, Cg’ 

pyridyl hydrogen), 8 .82(d(Jy’ 5=6Hz) of d(5y! 6=2Hz) ,1,Cy’ 
pyridyl hydrogen, 9 .29(d(Jo’ ¢=2Hz) ,1,C2’ pyridyl hydrogen) ; 
Anal. calc'd for C;gH51N309S: C, 62.95; H, 6.16, N, 12.23; 
found: C, 62.52; H, 6.10; N, 12.19. Extraction of the band 
having K¢ 0.82 using 75 mL hot acetone gave pyridine-3- 
sulfonyl azide (0.41 g, 68%) which was identical (nmr, 


micro-tlc) to an authentic sample. 
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4.4.3.1.0 1-[2-(4-Nitrophenyl)ethyl]piperidylidene-2-(4- 
chlorophenyl) sulfonamide (CXL). 

1-(2-Phenylethy1) piperidylidene-2-(4-chlorophenyl) - 
sulfonamide (CXXXVII)(1.17 g, 3.11 mmol), 3 mL 90% fuming 
nitric acid and 2 mL nitric acid were stirred vigorously for 
4 h at 25°C. The reaction mixture was poured onto 50 mL ice- 
water and the pH was adjusted to 9 using 1.0 N sodium 
hydroxide. Extraction with methylene chloride (4 x 50 mL), 
drying (sodium sulfate) and evaporation of the solvent in 
vacuo gave a thick yellow gum which was subjected to 
preparative tlc using eighteen 20 x 20 cm silica gel G 
plates, 0.75 mm in thickness with acetone-ether (1:1 v/v) as 
the development solvent. Extraction of the band having Rr 
0.53 using 60 mL hot acetone gave 0.21 g of an unidentified 
thick red oil. Extraction of the band having R- 0.88 using 
100 mL hot acetone afforded [ee enitropheny Teche ips pers 
idy lidene-2-(4-chlorophenyl) sulfonamide (CXL) (0.73 g, 61%) as 
a light yellow solid: mp, 157-158°C; ir, 1350 (N05), 1540 
(NO>), 1570 cm ~1 (C=N); nmr, 6 1.53-2.01(m,4,C,-H,Cs5-H) , 
2'.85-3.52(m,6,C3-H,Ce-H, CHoCHoCgHy-p-NOo or CH» CHoCgHy-p-NO>) , 
3 .68(t, (Scyocuoph=7Hz) »2 ,CHpCH)CeHy-p-NOo or CH»oCHoCeEHy,-p-NO>), 
7.14-7.60(m,4,ortho chloro phenyl hydrogens, ortho methylene 


phenyl hydrogens), 7.80-8.22(m,4,ortho sulfonyl phenyl hydro- 


gens, ortho nitro phenyl hydrogens); Anal. calc'd for 
Cy9H29N30,SC1: C, Sor O09 ee heme. /OsmN wie On moun Cs 
GC, 53.82; H, 4.76; N, 9.82. 
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4.4.3.2.0 1-[2-(4-Aminophenyl) ethyl] piperidylidene-2-(4- 
chlorophenyl) sulfonamide (CXLI). 
A solution of 85% hydrazine hydrate (0.5 mL) and 10% 


palladium on charcoal (30 mg) was added to a suspension of 
1-[2-(4-nitrophenyl) ethyl] piperidylidene-2-(4-chloropheny1)- 
sulfonamide (CXiy) (0-15 "e'**0 236: mmo LD)! ins0mE of8957 lethanc!: 
aem ee wrth stirring?84, The reaction was allowed to return 
to room temperature and stirred for an additional 20 h. The 
reaction mixture was filtered and 30 mL water added. Extrac- 
tion with methylene ‘chloride "(3.x 30 mL)’, “drying °(sodium 
sulfate) and evaporation of the solvent in vacuo afforded 
1-[2-(4-aminophenyl) ethyl] piperidylidene-2-(4-chlorophenyl)- 
sulfonamide (CXLI) (0.095 g, 67%) as a light brown solid: mp, 
128-130°C; ir, 3370 (NH)), 3440 (NH)) 1575 em™! (C=N); nmr,é 
1.57-1.88(m,4,C,-H,C.o-H), 2.75(t (Sou cH oph= HZ) »2, 

CH) CHyCeHy-p-NHy or CHoCHoCeH,-p-NH»), 2.96-3.40(m,4,C3-H,Ce-H), 
3.40-3.72(m,4,CH5CHyCgH,-p-NHy or CHyCH»CeH,-p-NH» ,NHp, 
exchanges with deuterium oxide), 6 .60(d(Jo’ 3=8Hz) ,2, ortho 


amino phenyl hydrogens), 6 .87(d(Jo' 3=8Hz)2,ortho methylene 


phenyl hydrogens, 7 48(d(Jo" s=8Hz) ,2,ortho chloro phenyl 
hydrogens, 7 .96(d(Jo" 3=8Hz) ,2,ortho sulfonyl phenyl hydrogens); 


Exact mass calc'd for Cy 9Hp9N302°7S?°Ccl: So liZie ee LOUnds(nLeh 


resolution ms): 391.1112; Anal. cale'd for C1 9H22N30SC1: 
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4.5.1.1.0 1-Cyclopropylcarbonyl-1,2,3,6-tetrahydropyridine 


(CXLIII). 

Cyclopropanecarboxylic acid chloride (3.77 g, 0.036 
mol) was added dropwise to a solution of 1H-1,2,3,6-tetra- 
hydropyridine (2.0 g, 0.024 mol) in 20 mL 10% aqueous sodium 
hydroxide at 0°C with stirring. The reaction was allowed to 
stir at 0°C for 4 h after which 20 mL water was added. The 
mixture was extracted with methylene chloride (4 x 50 mL), 
dried (sodium sulfate) and the solvent evaporated in vacuo to 
give a yellow oil which was subjected to chromatography using 
a neutral Alumina column (11 cm x 2.5 cm). Elution with 
ether (200 mL) afforded 1-cyclopropylcarbonyl-1,2,3,6-tetra- 
hydropyridines(GxLlil)(2./6 2; /67.) as a colorless oil; 
ir(NaCl), 1640 cm™! (C=0); nmr, § 0.68-1.11(m,4,CH-CH-CH)), 
1.70-2.37(m,3,C3-H, CH-CHj-CH)), 3.56-3.86(m,2,C5-H), 3.88-4.30 
(m,2,Ce-H), De -O- NOW, 2 CAH, Ce), Exact Mass’ calcd for 


CoH, 3NO: 151.0997; found (high resolution ms): 151.0999. 


La Sialis2 seal —Oy.ClLOpLopy methyl 1), 253 0=tetrahydropynidine 


(CXLIV). 


A solution of 1-cyclopropylcarbonyl-1 ,2,3,6-tetra- 
hydropyridine (CXLIII)(2.0 g, 13.25 mmol) in 10 mL dry ether 
was added dropwise to a suspension of lithium aluminum 
hydride (0.90 g) in 60 mL dry ether at Q°C with stirring. 
When the initial exothermic reaction had subsided, the reac- 


tion mixture was refluxed for 12 h. The mixture was then 
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cooled to O°C and 5 mL of 20% aqueous sodium hydroxide was 
added dropwise to destroy any excess lithium aluminum hydride. 
The inorganic salts were removed by filtration and the ether 
removed in vacuo to afford 1-cyclopropylmethyl-1 ,2,3,6-tetra- 
hydropyridine (CXLIV) (1.72 g, 95%) as a colorless oil: bp, 
174°C (731 mm Hg); ir(NaCl) 1615 cm7! (C=C); nmr, inter- 
ae? 
mal standard-CHoClo, 6 0.0-1.25(m,5,CH-CHy-CHy), 2.09-2.43 
Ss 
(m,4,C3-H,CH)-CH-CHy-CHy), 2.65(m,2,C9-H), 2.96-3.17(m,2,Cg-H), 
5 .66-5.92(m,2,C,-H,C5-H); Exact mass calc'd for CoH, 5N: 
ieee tounde(hien resolution ms)ite 137.1204. 


4.5.1.3.0 1-Cyclopropylmethyl-1,2,3 ,4-tetrahydropyridine 
GGX TV). 


Freshly sublimed potassium tert-butoxide (0.12 g), 
anhydrous dimethyl sulfoxide (1.1 mL) and 1l-cyclopropyl- 
methyl-1,2,3,6-tetrahydropyridine (CLXIV) (0.70 g, 5.11 mmol) 
were added in this order to a thoroughly dry 10 mL ampule. 
The ampule and its contents were frozen at -77°C and then 
flushed with nitrogen for 5 min. High vacuum (0.2 Torr) was 
then applied to the contents for 5 min and the nitrogen- 
vacuum process repeated. The ampule was sealed under high 
vacuum and heated at 90°C for 48 h. The hot contents of the 
ampule were then added to 4 mL water and quickly extracted 
with pentane ( 3 x 25 mL) and dried (sodium sulfate). The 
combined extracts were placed over potassium hydroxide pellets 


and the pentane removed under a stream of nitrogen to give 
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1-cyclopropylmethyl-1 ,2,3,4-tetrahydropyridine (CXLV) (0.62 g, 

89%) as a light brown oil: nmr, internal standard- CH»Clo,6 
SSS 4) 

0.00-1.23(m,5,CH-CH)CH>), 1.80-2.14(m,2,C3-H), 2.14-2.43(m,2, 

CHy-CHCH2CHy), 2.53-2.79(m,2,Cy-H), 2.92-3.14(m,2,Co-H), 

5 .68-5.80(m,1,Cs-H), 5.96(d(Js5 6=8Hz) ,1,C¢-H) ; Exact mass 

calc'd for CoH} 5N: 137.1205; found (high resolution ms): 

ES721209% 


Lee te 2 lie) 1-Cyclobutylcarbonyl-1 ,2 ,3 ,6-tetrahydropyridine 
CEXELV IDs 


Cyclobutanecarboxylic acid chloride (7.0 g, 0.059 
mmol) was added dropwise to a solution of 1H-1,2,3,6-tetra- 
Pees ering (3.3 g, 0.040 mol) in 30 mL of 10% aqueous sodium 
hydroxide at 0°C with stirring. The reaction was stirred at 
O°c for 4 h after which 20 mL water was added. The mixture 
was extracted with methylene chloride (4 x 50 mL), dried 
(sodium sulfate) and the solvent evaporated in vacuo to give 
1-cyclobutylcarbonyl-1 ,2,3,6-tetrahydropyridine (CXLVI) (6.6 g, 
100%) as a yellow oil: ir(NaCl), 1640 cm} (c=0); nmr, 6 
1.70-2.64(m,8 ,C3-H, CH-CH»-CH»-CHo), 3.17-4.18(m,5 ,Co-H,Ce-H, 
CH-CH)-CH9-CH>), 5.50- 6 208.¢m525 CA-HiGc =H) ; Exact mass calc'd 
for Cj9H)5NO: 165.1153; found (high resolution ms): 165.1152. 


4 ine pe gel de @) 1-Cyclobutylmethyl-1 ,2 ,3,6-tetrahydropyridine 
(CXLVIT). 


A solution of l-cyclobutylcarbonyl-1 ,2 ,3 ,6-tetra- 


hydropyridine (CXLVI)(4.0 g, 0.024 mol) in 10 mL dry ether 


wae ho i 


Pee a 


eteeererntnrrs 
enne goamd 7 (A-39, 5,4 " o 
(um soltulowes a2 oh it68 te Mee “Bes 
= | ee ey ke di 5 . 

hh Seabee. 4 


antbts (TO TOVAS? 32 A. & O $25 dive: 
¥» oY, Ga 


» 


pa 
ae rae 


* 


ee oot 


920.0 .« 0.5) sbtiolda aa’ sonoma) 


~aziaa~d,€, 8, fut to doljzfos s Ll 
mutboa arosups TQi to Jm OF al Fi 040.0 ,g3 E/E) * arbi 
38 beatlsa new aolioset.enT -galsitie Ajiw 3°O ea 
svwtaln off .dabbs eew. tetzew 05 ta ne 8 
bets ,(Jm 02 = A) sbizoide snelediea dakw b 
ovig a3 ovony at heen yea ieee 
18 9.0) (1V.00) entbisyqorbesiar 
6 tum C089), en sani uk 
He Prete tals é 
bolas seam s0an3 4 


SE1L2at  eainende 


4. 4 


S 


i x Loyd=t 0.8. 
ee A ad mad , ful 
acs i ae 


2% 
- 
aon a - 


- 
' «lene: 2 one lot K - 
Pers a3 eda. - | 

rs a) 2 ene ‘ 

— a : ~, - a ay, a ; 
cas _ cate "7 a : ye, 7, 
‘ ne oe > Ss 7 . Tee ie, 
- : 7 ; — ad — 
: — a is 
: wa J : 


- 


7 


225 


was added dropwise to a suspension of lithium aluminum hydride 
(1.92 g) in 75 mL dry ether at O0°C with stirring. When the 
initial exothermic reaction had subsided the reaction mixture 
was allowed to reflux for 12 h. The mixture was cooled to 
O°C and 8 mL 20% aqueous sodium hydroxide was added dropwise 
to destroy any excess lithium aluminum hydride. The inor- 
ganic salts were removed by filtration and the ether evapor- 
ated in vacuo to afford 1]-cyclobutylmethyl-1 ,2 ,3,6-tetrahydro- 
Byori ne@(Cx LVI) (3.9/ee.89372)) as a lichtevellowsoil-sbpr 
200-201°C (736 mm Hg); ir (NaCl), 1610 cm7! (c=C); nmr, 6 
150-2". 33 (m,.bsC2=H',CH= CH=CH =CH>.)-=27.33-2408(yo-,CorH, 
CH5-CH-CH9-CH9-CH>), IRAE EN Oita CaS als 5 .44-5.93(m,2 ,C,-H,Cs5-H) 5 
Exact mass calc'd for CyQH,7N: 151.1361; found (high 


Pesormictou ms) :* lol. 1350. 


“5 23.0 1-Cyclobutylmethyl-1 ,2,3,4-tetrahydropyridine 
CEXIVAGDl) a 


Freshly sublimed potassium tert-butoxide (0.47 g), 
anhydrous dimethyl sulfoxide (4.2 mL) and 1-cyclobutylmethyl- 
1,2,3,6-tetrahydropyridine (CXLVII) (3.0 g, 0.02 mol) were 
added in this order to a thoroughly dry 10 mL ampule. The 
ampule and its contents were frozen at -77°C and then flushed 
with nitrogen for 5 min. High vacuum (0.2 Torr) was then 
applied to the contents for 5 min and the nitrogen-vacuum 
process repeated. The ampule was sealed under high vacuum 


and heated at 90°C for 48 h. The hot contents of the ampule 


oi a aa 


ee | 1 


7 


| 4 . - enti _ 
 ebished auntavta ‘mek i ) molt ® OF satwqot 
aL 3% 7, om . - 7 = 
afs nat _gaberise iw D'0 28° aaa et DY lan C8) as 


etw?xia aolSsees arts bobieds pateals monooaer 3 on tsoxe: I fetzink 


od beloun esw etutxla att ad tr aot xuftere bs cae 3! 


" 
eziwqoth bebba sav aniiiallin avtbos suoeupe 20S Is a 8: oe oT 


-ront oT -sbirbyd aweaPeasl ibis tT anosne, qua a aust a 
-togBvS 20 off bas agtsex2tt? yd bevomez stew az cs ott y 
~ovbydettes-3,€,.5, i+ ~lydaeutyapdat age =f Srolis oF oupey_ at ed 
“qé flo wolis¢ trig it a ae-(Ft° 53 0,6) (IW) » on 7 sie 

& ,mwn ; (a0) ap O68 ,{0Dem) xt (ai au aes) of 
-H~ 02, 2,m) 88, S+£E,S of gI- HH, HD 8 m)RE SA a 
PREY « CH, 2 , (B-gd, Sa) ERS ‘(gO gH gf 1) ~ gH > 


aed =F 
‘igtd) Bowot ;1OEI. 21 thy fHg7? 702. b! ofa eene vax 
2 eet. f2f s(n nok: yfoney 


a 
—— 


| solubryqerbydaxies=), £78, + hides PX 
| ei ‘ ELIVINS = ont fea 


«sq (4.0) ebteo md -3994 muleessoq Samtidua sehitas a. 
| ~{ytisenl ysudoloyo- -f bar (in ai a) (abtxo? Lim Iytaoats 
i wtsw (lom 30. 's) 3 0.) (RRND) mate jaxses-é ae 
| sdf Jsfugqes io as sci pret hae sani 


i a not toe oa | ywoRy at 1 unte ~ ot : 
ie 
i 1 


224 


were added to 5 mL water and quickly extracted with pentane 

(3 x 25 mL) followed by drying with sodium sulfate. The com- 
bined extracts were placed over potassium hydroxide pellets 
and the pentane removed under a stream of nitrogen to give 
1-cyclobutylmethyl-1,2,3,4-tetrahydropyridine (CXLVIII) (2.7 g, 
JO maseae i gic eDrownwiiquid:) nmr, 69 1-40-2285 (m,8,C3-H, 
CH-CH5-CHy-CHy), 2.33-3.11(m,7,C)-H,C,-H,CH>-CH-CH»-CHy-CHp), 
926335 .95(m, 2, Ce-H>Ce=H); Exact mass calc'd for C1 9H, 7N: 
Seto o ee LOuUndeGhtohngrecolution ms) =. 151.1508. 


4.5.3.1.0 1-Cyclopropylmethylpiperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CIL). 


A solution of 4-chlorobenzenesulfonyl azide (0.34 g, 
1.56 mmol) in 10 mL ether was added dropwise with stirring to 
a solution of 1-cyclopropylmethyl-1,2,3,4-tetrahydropyridine 
CGxE) (On? lee leo uunol ming 2Z0umLeelhereat 25 eC ssenhvolUution 
of nitrogen gas began 10 sec after final addition of the azide. 
The reaction was allowed to proceed for 1 h. The solvent was 
removed in vacuo to give 0.50 g of a yellow solid of which an 
aliquot (0.46 g) was subjected to preparative tle using eight 
20 x 20 cm silica gel G plates, 0.75 mm in thickness, with 
ether as the development solvent. Extraction of the band 
having R¢ 0.37 using 75 mL hot acetone afforded 1-cyclopropyl- 
methylpiperidylidene-2-(4-chlorophenyl)sulfonamide (CIL) (0.26 g, 
56%) as a white powder: mp, 114-115°C; ir, 1575 em! (C=N); 

[opesageae |e 

nmr, 6 0.18-1.36(m,5,CH-CH9-CHo), 1-65-2.05(m,4,C,-H,Cs5-H) , 
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2.96-3.28(m,2,C3-H), 3.31-3.61(m,4,Ce-H,CHy-CH-CHy-CHy), 7.42 
(d(Jo’ g=9Hz) ,2,C3’ and Cs’ phenyl hydrogens), 7 .89(d(Jo 3=9Hz), 
2,Co’ and Cg’ phenyl hydrogens); Anal. calc'd for C15H1QgN,09SC1: 
Cyl Dr? He 5 286s NEMNSe5 7sfound? dCops479078Hm SeSGcaNme S244. 
Extraction of the band having R¢ 1.0 with 75 mL hot acetone 
afforded 4-chlorobenzenesulfonyl azide (0.081 g, 26%) which 


was identical (nmr, micro tlc) with an authentic sample. 


4.5.3.2.0 1-Cyclopropylmethylpiperidylidene-2-(4-aminopheny1)- 
sultonamider Cel). 


A solution of 4-aminobenzenesulfonyl azide (0.935 g, 
4.72 mmol) in 10 mL ether was added dropwise to a solution of 
1-cyclopropylmethyl-1 ,2,3,4-tetrahydropyridine (CXLV) 
(Onco>omee4. 7 Jmol min 4Oemusetherseat 25) UraccoLaingeto 
General Procedure B. Recrystallization from acetone afforded 
1-cyclopropylmethylpiperidylidene-2-(4-aminophenyl) sulfonamide 
Gels LOM Ome ee ymace a (Wwiltes powder.) Mp, 9165 .Ura tremovG 
(C=N), 3380 (NH,) 3465 cm™! (NH)); nmr, CDC13/DMSO-dg, 6 
0.14-1.37(m,5 ,CH-CH5-CH»), 1.49-2.02(m,4,C,-H,C5-H), 2.68-3.09 

fea ae al 

(m,2,C3-H), 3 .09-3.69(m,4,C¢-H, CHa-CH-CH5-CHo), sypor al Gepgercrek yc ee 
NH, ,exchanges with deuterium oxide), 6 .67(d(Jo' 3=8HzZ) ,2 , C3" and 
C5’ phenyl hydrogens) , 7.52(d(Jo! g=8Hz) ,2, Co’ and C¢’ phenyl 
hydrogens); Exact mass calc'd for C1 5H) 4N30)34s: S07E13)5): 
founds (nieh resolution ms): 30/.135/; Anal. | calc vdstor 
C15H24N309S: C, 58.61; H, 65 G9 mN yal 607 mer OUDG: mae Gres Oeil 
Hime seem N Os 1.92. 
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LSS WS UA 1-Cyclopropylmethylpiperidylidene-2-(3-pyridyl)- 
sulfonamide (CLI). 


A solution of pyridine-3-sulfonyl azide (1.02 g, 
5.54 mmol) in 15 mL ether was added dropwise to a solution of 
1-cyclopropylmethyl-1,2,3,4-tetrahydropyridine (CXLV) (0.76 ge, 
Seo sennol yim 40am ether at 25°Ctwith¥stirningseskvolution of 
nitrogen gas began 10 sec after final addition of the azide. 
The reaction was allowed to proceed for 1 h. The solvent was 
evaporated in vacuo to give 1.53 g of a thick yellow oil of 
which an aliquot (1.22 g) was subjected to chromatography 
using a neutral Alumina column (10 cm x 10 cm). Elution with 
ether (300 mL) afforded pyridine-3-sulfonyl azide (0.17 g, 
20%) which was identical (nmr, micro tlc) with an authentic 
sample. Further elution with acetone (400 mL) afforded 
1-cyclopropylmethylpiperidylidene-2-(3-pyridyl) sulfonamide 
(CLI) (0.74 g, 57%): mp, 89°C; ir, 1580 cm! (C=N); nmr, 6 
0.18-1.53(m,5,CH-CH»-CHo), 1.72-2.04(m,4,C,-H,Cs-H), 3.00-3.30 
(m,2,C3-H), 3.30-3.69(m,4,Ce-H, CH»-CH-CH»-CHy), 7-48 © 
(d(Js’ ¢=8Hz) of d(Sy/ 5=6Hz),1,C5’ pyridyl hydrogen), 8.26 
(d(J5’ ¢=8Hz) of d(Jo’ ¢=2Hz) of d(Jy g=2Hz),1,C¢g’ pyridyl hydro- 
gen), 8 .75(d(Sy’ 5=6Hz) of d(Jy" g=2Hz) ,1,C;/ pyridyl hydrogen), 
9.17(d(Jp’ g=2Hz) ,1, Co! pyridyl hydrogen); Anal. calc'd for 
Cy4H}9N30,S: C, 57.31; H, 6-53; N, 14.32; found: C, 56.94; 
HemOe4a we N, 13.90. 
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LD el oO 1-Cyclobutylmethylpiperidylidene-2-(4-chlorophenyl - 
sulfonamide (CLII). 


A solution of 4-chlorobenzenesulfonyl azide (0.68 g, 
3.13 mmol) in 10 mL ether was added dropwise to a solution of 
l-cyclobutylmethyl-1 ,2,3,4-tetrahydropyridine (CXLVIII) 
(0.48 g, 3.13 mmol) in 20 mL ether at 25°C according to 
General Procedure B. The precipitate was removed by filtra- 
tion to afford 1-cyclobutylmethylpiperidylidene-2-(4-chloro- 
phenyl)sulfonamide (CLII) (0.53 g) as a white solid. The fil- 
trate was evaporated in vacuo to give a yellow gum which was 
subjected to preparative tlc using eight 20 x 20 cm silica gel 
G plates, 0.75 mm in thickness, with ether as the development 
solvent. Extraction of the band having Rr 0.44 using 50 mL 
hot acetone afforded CLII(0.19 g, total yield: 0.72 g, 682): 
mp, 113°C; ir, 1575 cm™! (C=N); nmr, 6 1.58-2.10(m,10,C,-H, 
C5-H,CH-CH )-CH9-CHy), 2.97-3.54(m,5,C3-H,C¢-H,CH-CH CHjCH)), 
3.54(d (Joy, cy=8H2) ,2 ,CH9-CH-CHyCHyCHy), 7.44(d(Jy’ 3=9Hz), 
2,C3’ and Cs’ phenyl hydrogens), 7.91 (d (Jo! 3=9Hz) ,2 ,Co’ and 
Ce’ phenyl hydrogens); Anal. calc'd for C,¢H2,N202SC1: 
GeO be Owe Nero 2, MEOUNd:) CL sO soda yhO 2.5 
N, 8.16. Extraction of the band having Rr 0.97 with 50 mL hot 
doctor: afforded 4-chlorobenzenesulfonyl azide (0.037 g, 5%) 


which was identical (nmr, micro-tlc) with an authentic sample. 
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Aes5ictoe2a0 1-Cyclobutylmethylpiperidylidene-2-(4-aminophenyl)- 
sulfonamide (CLIII). 


A solution of 4-aminobenzenesulfonyl azide (0.475 g, 
2.40 mmol) in 10 mL ether was added dropwise to a solution of 
1l-cyclobutylmethyl-1 ,2,3,4-tetrahydropyridine (CXLVIII) 
(0.36 g, 2.36 mmol) in 20 mL ether at 25°C according to 
General Procedure B. Recrystallization from acetone afforded 
1-cyclobutylmethylpiperidylidene-2-(4-aminophenyl) sulfonamide 
(CLIII) (0.65 g, 86%) as a white powder: mp, 216-2175 G36 ir, 
1565 (C=N), 3380 (NHy), 3460 cm™+ (NHy); nmr, CDC13/DMSO-dg, 
inp pee eee 
6 1.54-2.08(m,10,C,-H,C5-H,CH-CH)CH»CHy), 2.39-3.07(m,3, 
cltesaseaa 
C3-H,CH-CHyCH)CHp), 3.22-3.50(m,2,Cg-H), 3.60(d (JSoycyy=7H2) » 
leet eer 
2 ,CH»-CH-CHjCHjCH9), 5.43(broad s,2,NHj,exchanges with 
deuterium oxide), 6.78 (d(J9! 3=8Hz) ,2,C3' and Cs phenyl hydro- 
gens), 7.54(d(Jo’ y=8Hz),2,Cy and C¢’ phenyl hydrogens); Anal. 
> 
calc'd for C16H23N302S: C, 59.79; H, 7.21; N, 13.07; found: 
Gea FSGS 50H 27 031t; Nye 12.9 63. 


4.5.4.3.0. 1-Cyclobutylmethylpiperidylidene-2-(3-pyridyl)- 
sulfonamide (CLIV). 


A solution of pyridine-3-sulfonyl azide (0.42 g, 
2.28 mmol) in 10 mL ether was added dropwise to a solution of 
l-cyclobutylmethyl-1,2,3,4-tetrahydropyridine (CXLVIII) 
(0.35 g, 2.28 mmol) in 25 mL ether at 25°C with stirring. 
Evolution of nitrogen gas was immediate. The reaction was 


allowed to proceed for 1 h after which the solvent was 
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evaporated in vacuo to give a thick oil. Sublimation at high 
pressure (65°C, 0.1 Torr) afforded 1-cyclobutylmethylpiper- 
idylidene-2-(3-pyridyl)sulfonamide (CLIV) (0.64 g, 91%) as a 
light brown solid: mp, 56-57°C; ir, 1575 em7! (C=N); nmr, 6 
a 
1.68-2.10(m,10,C,-H,C5-H,CH-CH»CHCH), 2.47-2.93(m,1, 
lniguaraced apres geal 
CH-CH)CH2CHy), 3-02-3.50(m,4,C3-H,Ce-H), 3.56(d(Jcucy=7H2) » 
2, CHo-CHCH)CHyCHy), 7.41 (d(Jo’ g=8Hz) of d(Jy/ §=5Hz) ,1,Cs’ 
pyridyl hydrogen), 8.28 (d(J5’ ¢=8Hz) of d(Jo’ 6=2Hz) of 
d(Jg! 6=2Hz),1,C¢’ pyridyl hydrogen) , 8 .78(d (Jy! s=5Hz) of 
d(Jy! 6=2Hz) ,1,C," prydiyl hydrogen) , 9.20(d(Jo’ ¢=2Hz) ,1,Co’ 
pyridyl hydrogen); Anal. calc'd for C15H914N309S: C, 58.61; 
HEAT. COsSaN :U8l 31. G7e-atbound aac 60557053 Heet679 573 Newel soilae 
4.6.1.1.0 1-n-Propyl-1,2,3,6-tetrahydropyridine (CLV). 
1-Bromopropane (3.0 g, 0.024 mol) was added slowly to 
a solution of 1H-1,2,3,6-tetrahydropyridine (4.05 g, 0.049 
mol) in 50 mL benzene at 25°C with stirring. The mixture 
was heated at reflux for 3 h and then cooled to 0°C. The 
precipitate of 1,2,3,6-tetrahydropyridine hydrobromide was 
removed by filtration. The filtrate was extracted with cold 
10% aqueous hydrochloric acid (3 x 25 mL), and then neutral- 
ized to pH9 with cold 20% aqueous sodium hydroxide. Extrac- 
tion with ether (4 x 50 mL), drying (sodium sulfate) and 
evaporation of the solvent in vacuo at low temperature 
afforded 1-n-propyl-1,2,3,6-tetrahydropyridine CCLV) CZ. U2a 2, 
Gi maseoe lL lont ereen Olle Dp, WATE (eh yan) Te) (Lit .286, 
bp, 146-148°C, 756 mm Hg). 
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HOG Le ea 1-n-Propyl-1,2,3,4-tetrahydropyridine CCEVID) 7? 


Freshly sublimed potassium tert-butoxide (0.51 g), 
anhydrous dimethyl sulfoxide (3.3 mL) and 1-n-propyl-1,2,3,6- 
tetrahydropyridine (2.08 g, 0.017 mol) were added in this 
order to a thoroughly dry 10 mL ampule. The ampule and its 
contents were frozen at -77°C and then flushed with nitrogen 
for 5 min. High vacuum (0.2 Torr) was applied to the contents 
for 5 min, then the nitrogen-vacuum process repeated. The 
ampule was then sealed under high vacuum and heated at 90°C 
for 48 h. The hot contents of the ampule were then added to 
5 mL water, quickly extracted with pentane (3 x 25 mL) and 
dried (sodium sulfate). The combined extracts were placed 
over potassium hydroxide pellets and the pentane removed under 
a stream of nitrogen to afford 1l-n-propyl-1,2,3 ,4-tetrahydro- 
Dyou.cinem (CLV L)iCl.06) 2.6514). as a brown, liquid -senmr wo mmO.o2 
(t (Joyo cH377H2) »3,CH3), 1-28-2.10(m,4,C3-H,CH2-CH3), 
2.50-3.12(m,6 ,C,-H,Cy-H,CH»CH)CH3), 5.63 (m,1,Cc-H), 

5 .80(d(Js5 ¢=8Hz) ,1,Ce-H) ; Exact mass calc'd for CgH,5N: 
125.1204; found (high resolution ms): 125.1207. 


Anbe 2lsoOsmel- USObUL yin) , Aeon O stetrahydropynadine CGIVialels)i. 
1-Bromo-2-methylpropane (14.0 g, 0.102 mol) was added 


slowly to a solution of 1H-1,2,3,6-tetrahydropyridine (17.0 g, 
0.205 mol) in 100 mL toluene at 25°C with stirring. The mix- 
ture was allowed to reflux for 7 h before cooling to O°C at 


which time 1,2,3,6-tetrahydropyridine hydrobromide was removed 
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by filtration. The filtrate was extracted with cold 10% 
aqueous hydrochloric acid (4 x 30 mL) and then neutralized 
to pH 9 using cold 20% aqueous sodium hydroxide. The milky 
solution was extracted with ether (4 x 75 mL), dried (sodium 
sulfate) and the solvent evaporated in vacuo to afford 
Paveobutyl—l 2, 5,0-ctetrahydropyridine (CLVI1)(10./"¢. 754)0as 
a light green liquid: bp, 162°C (715 mm Hg); ir(NaCl), 

1610 cm"? (C=C); nmr, 6 0.89(d(Igycy4=7Hz) 6 ,CH-(CH3)2), 
1.70-2.33(m,5,Cy-H,C3-H,CH-(CH3)), 2.46(d(Joy cq=5H2) » 
2,NCHjCH), 2.85-3.04(m,2,Cg-H), 5.60-5.80(m,2,C,-H,Cs5-H) ; 
Exact mass calc'd for CgH)7N: 139.1361; found (high resolu- 
tionems,)is4j 139.1354. 


4.6.2.2.0 1-Isobutyl-1 ,2,3,4-tetrahydropyridine (CLVIII). 
Freshly sublimed potassium tert-butoxide (0.56 g), 


anhydrous dimethylsulfoxide (5.0 mL) and 1l-isobutyl-1,2,3,6- 
tetrahydropyridine (CLVII)(3.3 g, 0.024 mol) were added in 
this order to a thoroughly dry 10 mL ampule. The ampule and 
its contents were frozen at -77°C and then flushed with 
nitrogen for 5 min. High vacuum (0.2 Torr) was applied to 
the contents for 5 min, then the nitrogen-vacuum process 
repeated. The ampule was then sealed under high vacuum 

(0.2 Torr) and heated at 90°C for 48 h. The hot contents of 
the ampule were then added to 5 mL water, quickly extracted 
with pentane (3 x 25 mL) and dried (sodium sulfate). The 


combined extracts were placed over potassium hydroxide 
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pellets and the pentane removed under a stream of nitrogen to 
afford 1-isobutyl-1,2,3,4-tetrahydropyridine (CLVIII) (2.22 eg, 
67%) as a brown liquid: nmr, 6 0.89(d(JcucHs=7HZ) 6, 

CH(CH3)9), 1.50-2.36(m,5,C3-H,C,-H,CH(CH3) 9), 2-61 (dS cucHy=6HZ) » 
NCH2CH), 2-82-3.08(m,2,C5-H), 9 +65-5.97(m,2,C5-H,C¢-H) ; 

Exact mass calc'd for CgH,7N: 139.1361; found (high reso- 

lution ms)£0413927358 . 


4.6.3.1.0 1-n-Propylpiperidylidene-2-(3-chlorophenyl) sulfon- 
amide (CLIX). 


A solution of 4-chlorobenzenesulfonyl azide (0.47 g, 
2.17 mmol) in 10 mL ether was added dropwise to a solution of 
1-n-propyl-1,2,3,4-tetrahydropyridine (CLVI) (O82 Jeo? 21 Gummo) 
tre Oemtepethereate2) C with stirring. SEvolution of nitrogen 
gas was immediate. The reaction was allowed to proceed for 
1 h. The ether was evaporated in vacuo to yield a thick yel- 
low gum which was subjected to chromatography using a neutral 
alumsnaecolunm: (12 )cm x92.5 cm)... Klutionswith, ethers (200 mL) 
gave 4-chlorobenzenesulfonyl azide (0.12 g, 26%) which was 
identical (nmr, micro tlc) with an authentic sample. Further 
elution with acetone (300 mL) afforded 1-n-propylpiperidyl- 
idene-2-(4-chlorophenyl)sulfonamide (CLIX)(0.46 g, 68%) as a 
white solid: mp, 107-108°C; ir, 1575 cm7! (C=N); nmr, 6 
0.77(t(ScouycH3=/H2) »3>CH3), 1.19-1.98(m,6,C,-H,C5-H,CH»CH3), 
2.86-3.17(m,2,C3-H), 3.17-3.57(m,4,Ce-H,CH9CH9CH3), 7.39 
(d(Jo’ y=9Hz) ,2,Cy and Co’ phenyl hydrogens), 7.86 (d(Jo’ 3=9HZ) , 
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2,Co’ and C¢/ phenyl hydrogens); Anal. calc'd for 
Ci, dig haOoeC lay Coa 3.4150H.. 6 08: N, 8.90.0 found: 54C,153.61 ; 
HemGm lige ae 8790) 


Aer sete) 1-n-Propylpiperidylidene-2-(4-aminophenyl) sulfon- 
amide(CLX). 


A solution of 4-aminobenzenesulfonyl azide (0.59 g, 
2.98 mmol) in 10 mL ether was added dropwise to a solution 
of 1-n-propyl-1,2,3,4-tetrahydropyridine (CLVI) (0.37 s 
2.96 mmol) in 25 mL ether at 25°C according to General Pro- 
cedure B. Recrystallization from carbon tetrachloride-acetone 
afforded 1-n-propylpiperidylidene-2-(4-aminophenyl) sulfonamide 
(CLX) (0.565 £, 052) as a white powder: mp, 1/S-Iy90Carir, 
1575 (C=N), 3380 (NHj), 3480 cm! (NH2); nmr, 6 0.85 
(t (Joyo cn3=8Hz) »3,CH3), 1.37-1.93(m,6 ,C4-H,C5-H,CH9CH3) , 
2.93-3-.18(m,2,C3-H), 3.18-3.5/(m,4,C¢-H,CHjCH)CH3) , 4.02 (broad 
s,2,NH),exchanges with deuterium oxide), 6 .64(d (Jo 3=9Hz) ,2 ,C3' 
and Cs’ phenyl hydrogens), 7.63(d(Jo' 3=9Hz) ,2,C9’ and Cg’ phenyl 
hydrogens); Anal. cale'd for C,,H91N309S: C, 56.92; 
Heme weN Lo. 2p LOUNG enGG oe 04 Hie e205 La. 


4.6.3.3.0 1-n-Propylpiperidylidene-2-(3-pyridy1) sulfonamide 
CCEXD)™ 


A solution of pyridine-3-sulfonyl azide (0.36 g, 
1.96 mmol) in 10 mL ether was added dropwise to a solution of 


1-n-propyl-1,2,3,4-tetrahydropyridine (CLVI) (0.245 g, 
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[oommuol sine 20emueether at 25°C with stirring eh volueton 
of nitrogen gas was immediate. The reaction was allowed to 
proceed for 1h. The solvent was evaporated in vacuo to give 
a tan solid (0.54 g) of which an aliquot (0.45 g) was sub- 
jected to chromatogaphy using a neutral alumina column 

(15 cm x 2.5 cm). Elution with methylene chloride-acetone 
(200 mL, 1:1 v/v) gave pyridine-3-sulfonyl azide (0.07 g, 24%) 
which was identical (nmr, micro tlc) with an authentic sample. 
Elution with acetone (300 mL) afforded 1-n-propylpiperidyl- 
idene-2-(3-pyridyl)sulfonamide (CLX1)(0.28 g, 64%) as a white 
powder: mp, 109-110°C; ir, 1560 em7! > (C=N); mmr, 6 0.86 

(t (Sous cHy77HZ) »3,CH3), 1-34-2.11(m,6,Cy-H,C5-H, CH CH), 
3.00-3.26(m,2,C3-H), 3.26-3.61(m,4,Cg-H, CH)CH)CH3), 7.40 
(d(J5’ ¢=8Hz) of d(Jyg 5=5Hz),1,Cs’ pyridyl hydrogen), 8.23 
(d(J5° ¢=8Hz) of d(Jg! 6=2Hz) OL d(Jo' ¢=2Hz),1,C¢° pyridyl 
hydrogen) , 8.75 (d(Jy’ s=5Hz) OF d(Jy! ¢=2Hz),1,C," pyridyl 
hydrogen) , 9.17(d(Jo’ 6=2Hz),1,C) pyridyl hydrogen); Anal. 
calc'd for C,3H;9N309S: C, 55.49; H, 6.81; N, 14.93; 

found: OF, HSs2/7me ib (84S Ne aie 


4.6.4.1.0 1-Isobutylpiperidylidene-2-(4-chlorophenyl) sulfon- 
amide(CLXII). 


A solution of 4-chlorobenzenesulfonyl chloride 
(0.43 g, 1.98 mmol) in 10 mL ether was added dropwise to a 
solution of 1-isobutyl-1,2,3,4-tetrahydropyridine (CLVIII) 
(Oezeee 1.99 mol) eineZ0smipethersat 25s Cewithestiurnine. 
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The evolution of nitrogen gas was immediate. The reaction 
was allowed to proceed for 1h. The ether was evaporated in 
vacuo to give a thick oil which was subjected to preparative 
tlesusingstens20.x,20.cmisilica,cel Caplatess, 0275 mm an 
thickness, with ether as the development solvent. Extrac- 
tion of the band having R¢ 0.39 with 75 mL hot acetone 
afforded 1-isobutylpiperidylidene-2-(4-chlorophenyl)sulfon- 
amide (CLXIII) (0.24 g, 37%) as a white solid: mp, 106°C; ir, 
1570 cm7! (C=N); nmr, 6 0.83(d(Jqucys=7Hz) .6 ,CH(CH3) 9), 
1.48-2.23(m,5,C,-H), 2.91-3.48(m,6 ,C3-H,Ce-H,NCH»CH), 7.40 
(d(Jo’ 3=8Hz) ,2,C3 and C.) phenyl hydrogens), 7 .86(d(Jo’ 3)=8Hz) , 
2,C»’ and C,¢’ phenyl hydrogens); Anal. calc'd for C15Ho1N0SC1: 
C, 54.78; Hp Onde NN! S025 found: sn€ pod. Slee woes oeeNe ss 48 . 
Extraction of the band having R-¢ 0.93 with 75 mL hot acetone 
afforded 4-chlorobenzenesulfonyl azide (0.11 g, 26%) which 


was identical (nmr, micro tlc) with an authentic sample. 


4.6.4.2.0 1-Isobutylpiperidylidene-2-(4-aminophenyl)sulfon- 


amide(CLXIII). 


A solution of 4-aminobenzenesulfonyl azide (0.39 g, 
1.97 mmol) in 10 mL ether was added dropwise to a solution of 
1-isobutyl-1,2,3,4-tetrahydropyridine (CLVIII) (0.275 g, 
1.98 mmol) in 20 mL ether at 25°C according to General Pro- 
cedure B. The precipitate was removed by filtration to give 


1-isobutylpiperidylidene-2-(4-aminopheny1) sulfonamide 
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CCEXTID) (0.28 s)@aseaewhitessobidvenThe filtrateswas evapor- 
ated in vacuo to afford a yellow gum which was subjected to 
preparative tlc using eight 20 x 20 cm silica gel G plates, 
0.75 mm in thickness, with ether-acetone (2:1 v/v) as the 
development solvent. Extraction of the band having Rey 31 
with 75 mL hot acetone afforded (CLXIII)(0.07 g). Total yield: 
0.30 g, 49% : mp, 184-185°C; ir, 1565 (C=N), 3370 (NH»), 
3450 cm7) (NH>) ; nmr, 6 0.86(t (Jcucy3=7Hz) »6, 
(CH(CH3)9), 1 .66-1.85(m,4,C,-H,Co-H), 2.10(t (Soucy) =7H2) 
of q(Jcucu3=7HzZ) 1, CH(CH3) 9), 3.00-3.10(m,2,C3-H), 
3 .26-3.38(m,4 ,Cg-H,NCH4-CH) , 4.05 (broad s,2,NHj,exchanges 
with deuterium oxide), 6 .64(d(Jo’ 3=8Hz) ,2,C3’ and C5’ phenyl 
hydrogens), 7.69(d(Jo' 3=8Hz) ,2,Co’ and Ce’ phenyl hydrogens) ; 
AtaWemcalc d for Cy cHo4N,095:" C, 58-225 5Hi)/ 49 aNee lon oo, 
POU me Cen Oise tlt) sO sae atl 6) fae 


4.6.4.3.0 1-Isobutylpiperidylidene-2-(3-pyridyl) sulfonamide 
(CIXCIN® .. 


A solution of pyridine-3-sulfonyl azide (0.355 g, 
1.93 mmol) was added dropwise to a solution of l-isobutyl- 
1,2,3,4-tetrahydropyridine (CLVIII) (0.27 g, 1.94 mmol) in 
20 mL ether at 25°C with stirring. Evolution of nitrogen 
gas was immediate. The reaction was allowed to continue for 
1 h. The solvent was evaporated in vacuo to give a thick oil 
which was subjected to preparative tle using ten 20 x 20 cm 


silica gel G plates, 0.75 mm in thickness, with ether-acetone 


~toquve’ sew 
bs besoenade wi | ¢ 5 brot3s 07 ouds a 
exeteo Sane Of adg. eu of ‘wins ee 


ads ae Gly IS) calstatelilie tits tee ten a 
(0 4 gatvad Bond eds Yo nobseendxe ° stneviow an re 
sbiete, ager “weg 00. 0) (LT2KIY) Sabr0te 
CeO OFEE: 0) zadt pat jo" ear-aas aa e 

4; (ant=, gage) 2799.0 nel te0 |; a) a 

- (atth cqyigt) VOLS eeg@ te him 206 EBNF Gt 
tmp, $,m)OL. 6-008 os (HOD HS, t, Cou ye 

esgnadans, git, $ye beni 20. 0 Oe HOM, Regd ey n) BE. €= 
tynorig’ 3 Sap "0,5, Goede, (oltimy tot }b) 0a, 3° oe 

_ (ensgorbvd iynadq ‘39 nae ors. (amy 'g)b)29.5% r 8 ca 
SE.6E-.M SOR <A YES: 82 4 “ecoeneeart 308 iste yi 
7 VQvEL ieee heater 


7 {My ike oor 


opabpladseck RCo 

2 6.0 hee toshenenige ain y 

apmnanibigipeine= Sicha a. 30 

aah asi sade anaitan seantnegonbeteriaa8 El 

etter ; Sayan srithdpon + sas 08 7 

Ste sokde m wig 0 - OREO HE IT ian 
resent ene moines. 


Soe 
f 


a2 


-P 


arnt pis men ad ax f e eae 
.<s 
fa : bas - “<9 vt Pi iv. 
te 2 7 7 c ‘; - - 7 
‘i a _ 7 _ 


; ae ary 


sir oe 


237 


(5:1 v/v) as the development solvent. Extraction of the band 
having R¢ 0.39 with 75 mL hot acetone afforded 1-isobutyl- 
piperidylidene-2-(3-pyridyl)sulfonamide (CLXIV) (0.24 g, 42%) 
as a white powder: mp, 66-67°C; ir, 1575 ecm! (C=N) ; 

nmr, 6 0.834 (J cHcHsOH2) 6, CHCCH3) 9), 1268=2.39'Gn,5) 
Cy-H,C5-H,CH(CH3)9), 2.98-3.52(m,6,C3-H,Cg-H,NCH»CH), 7.50 
(d(J5" ¢=8Hz) of d(Jy’ 5=5Hz),1,Cs5’ pyridyl hydrogen), 8.28 
(d(Js5’ ¢=8Hz) OG d(Jo° g=2Hz) of d(J,! 6=2Hz),1,Cg pyridyl 
hydrogen) , 8 .79(d(Sy" 5=5HZ) of d(Jy’ 6=2Hz) ,1, Cy’ pyridyl 
hydrogen) , 9.21 (d(J9’ ¢=2Hz)1,Co’ pyridyl hydrogen); Anal. 
cale'd for C,,H91N309S: C, 56.92; H, 7.17; N, 14.22; 

eeigtale” “Wear S tense by 7S iae IN SES y ner 


4.7.1.1.0 1-(2-Propenyl)-1,2,3,6-tetrahydropyridine(CLXVI). 
Allyl bromide (14.5 g, 0.12 mol) was added dropwise 


to a solution of 1H-1,2,3,6-tetrahydropyridine (10.0 g, 

O212) mol), andapyridinet(9e5eas ,¢0212tmol) ine /5emivether* at 
O°C with stirring. The reaction was allowed to proceed for 
1.5 h at O°C after which the precipitate of pyridine hydrobro- 
mide was removed by filtration. The ether filtrate was washed 
with 50 mL water and the aqueous fraction was extracted with 
ether (2 x 50 mL). The combined ethereal portions were dried 
(sodium sulfate) and the solvent removed in vacuo to afford 
1-(2-propenyl)-1,2,3,6-tetrahydropyridine (CLXVI)(9.2 g, 62%) 
as a light yellow liquid: bp, 144°C (723 mm); nmr, 6 2.00- 
2.37(m,2,C3-H), 2.53(t(J2 3=6HzZ),2,Co-H), 2.8/-3.18 
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(m,4,NCH)CH,Cg-H), 4.98-5.39(m,2,CH=CH>), 5.47-6.21(m,3, 
C7,-H,Co-H, ChaCha) pee xactemassscale'dafor CgH)3N: 123.1048; 
found (high resoultion ms): 123.1046. 


ie hes) NeP LAD) E-1-(1-Propenyl)-1,2 ,3,4-tetrahydropyridine 
(CLUXVID) 


Freshly sublimed potassium tert-butoxide (0.22 g), 
anhydrous dimethyl sulfoxide (1.9 mL) and 1-(2-propenyl)- 
1,2,3,6-tetrahydropyridine (CLXVI)(1.1 g, 8.9 mmol) were 
added in this order to a thoroughly dry 10 mL ampule. The 
ampule and its contents were frozen at -77°C and then flushed 
with nitrogen for 5 min. High vacuum (0.2 Torr) was applied 
to the contents for 5 min, then the nitrogen-vacuum process 
repeated. The ampule was then sealed under high vacuum and 
heated at 90°C for 48 h. The hot contents of the ampule were 
then added to 5 mL water, quickly extracted with pentane 
(3 x 25 mL) and dried (sodium sulfate). The combined extracts 
were placed over potassium hydoxide pellets and the pentane 
removed under a stream of nitrogen to afford E-1-(1l-propenyl)- 
1 ,2,3,4-tetrahydropyridine (CLXVII) (0.66 g, 60%) as a brown 
Pig LC errs 6 1.60(d(JcoucHs=8H2)3 ,CH-CH3) , I 7 2=2..047 
(m,4,C3-H,Cy-H), 3.03-3.30(m,2,C 2-H), 4.03-4.60(m,2,Cs5-H, 
NCH=CH), 5.82-6.16(m,2,C¢-H,NCH=CH); Exact mass calc'd for 


CgH)3N: 123.1048; found (high resolution ms): 123.1047. 
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Gee 2.02.0 E-1-(1-Propeny1) piperidylidene-2-(4-chloropheny1) - 
sulfonamide(CLXXIII) and 1-(4-chloropheny]) - 
sulfonimine-1 ,2,3 ,4-tetrahydropyridine(CLXXIV). 

A. . Reaction of E-1-(1-propeny1l)-1,2 ,3 ,4-tetrahydropyridine 

(CLXVII) and one mole of 4-chlorobenzenesulfonyl azide. 


A solution of 4-chlorobenzenesulfonyl azide (0.355 g, 
1.63 mmol) in 10 mL ether was added dropwise to a solution 
of E-1-(1-propenyl)-1,2,3,4-tetrahydropyridine (CLXVII) (0.20 g, 
1.63 mmol) at 25°C with stirring. Evolution of nitrogen gas 
began 15 sec after final addition of the azide. The reaction 
was allowed to proceed for 1 h. The ether was evaporated in 
vacuo to give a thick green oil which was subjected to prepara- 
tive tlc using twelve 20 x 20 cm silica gel G plates, 0.75 mm 
in thickness, with ether-petroleum ether (bp 30-60°C) 
(4:1 v/v) as development solvent. Extraction of the band 
having R¢ 0.27 with 50 mL hot acetone gave E-1-(1-propeny1)- 
piperidylidene-2-(4-chlorophenyl)sulfonamide (CLXXIII) (0.22 g, 
43%) as a white powder: mp, 106-107°C; ir, 1540 (C=N), 1600 
em7! (C=C); nmr, 6 1.65-2.23(m,7,C,-H,C5-H,CH-CH3), 
SUS 2 92 (ly 25 Gah) 3.32-3.80(m,2,Ce-H), 5.30(d (Jone cq=15Hz) 
of q(Icycys76Hz) »1,CH-CH3), Tea 2a Genecy= lohz ee 
CH=CH-CH3) , 7 -43(d (Jo! 3=8Hz) ,2 ,C3! and Cs’ phenyl hydrogens), 
7.92(d(Jo’ 3=8Hz) ,2,Co’ and Cg’ phenyl hydrogens); Anal. calc'd 
for Cy,4H},7N202SC1: C, Boh JAb8 teks Grolftei Why ti GeNes satel iinyels 
Ceo oo Ho 49 5 NO OO cme XCLACC. OlmOcethembandehavinge Rip 


0.48 with 50 mL hot acetone gave 1-(4-chlorophenyl)sulfoni- 


Pray 
ntteies ero do-8) -$- ‘ol Db) be 


~{hynere oxols ona _ — u 


» (VEER aptb?s qoub —_ bg-h,€. 


sebbizysotd ayies-s ra ¢. 


oi 


«soter a tynotlusenesnades 


q ¢t€.G) ebisa 1003 funsnaamederoiida-s S nobinten A : 
noligiow @ ef s¥iwqoxb) bebe ase zei3e, Ja Of. n8 ee 2 Edad t 

2 Os. Py4ALIVAIO) anlbtrygorbeiarzes-2, €, S$. 1 (teneqorq- D> 8 3 
ng ‘ wegentte to aottulov” | agaiaziss d3iw 2 “2s ere (om £aat 
pobsiabs eft \tebben ells Je noisibbs Lentt reste 98 2 east 


— 


pl deisregéve anv 29179 oft ett £ x02 bssoo1g og bewolla, ae - 
& 


“stage tq of betostdua saw dodthe. lio nestg dotds os aes, 02, On 2av 
b> 


sm 2°.0 ,2etalq © Jog sniltea wo. 0% x Of eviews gnteu aia, avi 
— 


(970a<0 qd) xadas aueloxasq-sad3e dale ‘nee * = 


a 
- 


bnad oto to nelyoacted _janevioa snangoraveb ” ri 
~({ivasqezq~ I} + I “— eveg anoteoa don Ja 02. slaty. 0 a aa paid 
| / e $8.06 ream) oNawnod La henadgozaitiond}=S-an = sents 
OO4L , (wD) OA2I., ss j9°S 5-801 ade pei aa rei 

sein ne 


‘eD, 


anaaeilla a 
“~~ wand . ine of Beets 


240 


mine-1,2,3,4-tetrahydropyridine (CLXXIV) (0.092 g, 20%): mp, 
55°C; ir, 1600 em"! (C=N) nmr, 6 1.80-2.31(m,4,C3-H,C,-H) , 

3 .58-3.85(m,2,Co-H), 5.20-5.44(m,1,C5-H), 6.42(d(J5 6=9HZ) ; 
DCG) 7.41 (d(Jo' 3=8Hz) ,2,C3' and Cc phenyl hydrogens), 
7.84(d(Jo’ 3=8Hz) ,2,C9' and C6’ phenyl hydrogens), 8.24(s,1,CH=N) ; 
Exact mass calc'd for C1 9H] 3Np079787°c1: 284.0385; 

found (high resolution ms): 284.0385. A sample of CLXXIV 

did not give an acceptable elemental analysis. Extraction of 
the band having R- 0.85 with 50 mL hot acetone gave 4-chloro- 
benzenesulfonyl azide (0.018 g, 5%) whose spectra was identical 


(mmr and micr-tlc) to those of an authentic sample. 


B. Reaction of CLXVII with two moles of 4-chlorobenzene- 


sulfonyl azide. 


A solution of 4-chlorobenzenesulfonyl azide (0.71 g, 
3.26 mmol) in 20 mL ether was added dropwise to a solution of 
CLXVII (0.20 g, 1.63 mmol) in 20 mL ether at 25°C with stir- 
ring. The reaction was completed as described for the pre- 
paration of CLXXIII and CLXXIV. The crude reaction product 
was subjected to preparative tlc using twelve 20 x 20 cm 
silica gel G plates, 0.75 mm in thickness, with ether-petro- 
leum ether (bp 30-60°C) (4:1 v/v) as the development solvent. 
Extraction of the band having Rr 0.28 with 50 mL hot acetone 
gave CLXXIII (0.22 g, 43%). Extraction of the band having R¢ 
0.50 with 50 mL hot acetone gave CLXXIV (0.073 g, 16%). 


Extraction of the band having R¢ 0.85 gave 4-chlorobenzene- 


sulfonyl azide (0.29 g, 41%). 
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ieeGrerme re 10-(3-Dimethylaminopropyl)-10H-pyrido[3,4-b][1,4]- 


benzothiazine (CXII). General Procedure C. 

In a dry nitrogen atmosphere 10H-pyrido[3,4-b][1,4]- 
benzothiazine (CLXXVI)(1.0 g, 5 mmol) was added portionwise 
with stirring to a suspension of sodium hydride (0.28 ge, 

11.5 mmol) in anhydrous toluene (80 mL) and anhydrous dioxane 
(20 mL). The resulting light orange suspension was heated 

at reflux for one hour, allowed to cool, and 3-dimethyl- 
aminopropyl chloride (1.21 g, 10 mmol) was added portionwise 
GVermimitasm lite MruxtuLe was, allowed to) reflux forei? siato 
give a dark red suspension which was cooled to room tempera- 
ture and filtered under a nitrogen stream. The filtrate was 
extracted with 10% hydrochloric acid (5 x 40 mL) and the pH 
adjusted to 9 with ammonium hydroxide. The yellow aqueous 
suspension was extracted with methylene chloride (5 x 40 mL), 
dried (sodium sulfate) and the solvent removed in vacuo to 
give a dark red oil which was chromatographed using a silica 
gel column (12 cm x 2.5 cm). Elution with chloroforn- 
methanol (10:1 v/v, 350 mL) gave 10-(3-dimethylaminopropyl)- 
10H-pyrido[3,4-b][1,4]benzothiazine (CXII) as a light orange 
011270 (1.24 g, 87%): mmr 6 1.84(t(Jy! J=7Hz) of t(Jq’ J=7Hz), 
2 ,CH)CH»CH>), 2.21(s,6,N(CH3)5), 2.42(t(Jo’ 3=7Hz) ,2, 
CHON(CH3)9), 3.89(t(Jy/ =7Hz) ,2,CH)CH2CH)N(CH3)9), 6-69 

(d(Jy 9=6HZ),1,C,-H), 6.78-7.21(m,4,Ce-Cgo-H), 8.13(s,1,C,-H), 
8.22(d(J, 9=6HZ),1,Cp-H)- 
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Ae 250 SO 10-(2-Dimethylaminoethyl)-10H-pyrido[3 ,4-b][1,4]- 
benzothiazine (CLXXXVI). 
2-Dimethylaminoethyl chloride (1.07 g, 10 mmol) was 


added to a suspension of 10H-pyrido[3,4-b][1,4]benzothiazine 
(CLXXVI) (1.0 g, 5 mmol) and sodium hydride (0.28 g, 11.5 mmol) 
in toluene (80 mL) and dioxane (20 mL) according to General 
Procedure C. The reaction mixture was heated at reflux for 8 h and 
completed according to General Procedure C to give 10-(2- 
dimethylaminoethyl)-10H-pyrido[3 ,4-b][1,4]benzothiazine 
COURXXVI) Ol 068255 7/6.) easaay light orangesoi | <aeire(Nacl)s 

1595 cm™! (C=C); nmr, 6 2.22(s,6,N(CH3)9), 2.57 

(t (Icy cHy=7HZ) »2,CHyN(CH3)2), 3-86(t(IcHocHy=7Hz) .2,.N!9-CHo), 
6.69(d(J, 9=6Hz),1,C,-H), 6.81-7.08(m,4,Ce-Cg-H), 8.09 
(s,1,C,-H), 8 .20(d(J1 9=6Hz) ,1,C2-H); Exact. massecalcud 

£OG C15H1,7N35S: 27 eas we LOounds( higheresolutLonsms) 
Pe GS « 


4.8.3.0.0 10-[3-(1-Pyrrolidinyl) propyl]-10H-pyrido[3,4-b]- 


[1,4]benzothiazine (CLXXXVII). 
1-Pyrrolidinylpropyl chloride (1.47 g, 10 mmol) 


in 20 mL of toluene was added to a suspension of 10H-pyrido- 
[3,4-b][1,4]benzothiazine (CLXXVI)(1.0 g, 5 mmol) and sodium 
hydride (0.28 g, 11.5 mmol) in toluene (80 mL) and dioxane 
(20 mL) according to General Procedure C. The reaction was 
allowed to proceed for 6 h at reflux. Completion of the 


reaction according to General Procedure C gave 10-[3-(1- 
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pyrrolidinyl) propyl]-10H-pyrido[3 ,4-b][1,4]benzothiazine 
(CLXXXVIL) (1.13 g, 73%) as a yellow solid: mp, 170-172°C; 


ir, 1600 em™! (C=C); nmr, 6 1.78-2.28(m,6,CH»CH>CHy, 


/CH2 - CHD AH) -CH?2 
CHON (e312 82,6. CH-N hoy SAGs. 
CH2-CHo ‘CHy-CHp bodivn 


2,N'°-cHo, 6.71(d(J, 9=6Hz),1,Cy-H), 6.80-7.19(m,4,Cg-Co-H), 
8.18(s,1,C,-H), 8 .25(d(J1 9=6HZ),1,Co-H); fxact mass calc'd 
£O x Cy gH 4N32¢S: 311.1456; found (high resolution 

TS) ieee eds | 4D uhs 


4.8.4.0.0 10-[3-(1-Piperidyl) propyl]-10H-pyrido[3,4-b][1,4]- 
benzochnrazines (GLXXXVLIL)r 

1-Piperidylpropyl chloride (1.62 g, 10 mmol) in 
20 mL toluene was added to a suspension of 10H-pyrido[3,4-b]- 
[1,4]benzothiazine (CLXXV1)(1.0 g, 5 mmol) and sodium hydride 
(0O.28e¢ 61125 mmol) yinytoluene (80m) yandadioxane, (20 .mL) 
according to General Procedure C. The reaction mixture was 
heated at reflux for 6 h and the product isolated according 
to General Procedure C to yield 10-[3-(1-piperidyl)propyl]- 
10H-pyrido[3,4-b][1,4]benzothiazine (CLXXXVIII) (1.36 g, 84%) 
aswaneoranee solid: mp, 131-131-5,C; 10,—1605 cm! (C=C) ; 
mmr, 6 1.28-2.78(m,14,CH)CHyN(C5-Hy9)), 3.90(t(Jy’ o=7Hz), 
2,N19-cHy), 6.74(d(J1 9=6Hz),1,Cj-H), 6-83-7.38(m,4,Cg-Co-H), 
Bre (Siig c),—H)s, 8 .27(d(J1 9=6Hz) ,1,Co-H); Exactemassecad cad 
for Cy 9H) 3N327S: 325. 161o-mn0und Chigheresolutionsms)= 
S206 Oi. 
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4.8.5.0.0 10-[3-(4-Morpholino) propyl]-10H-pyrido[3,4-b] [1 
benzothiazine (CLXXXIX). 

4-Morpholinopropyl chloride (1.64 g, 10 mmol) in 
20 mL toluene was added to a suspension of 10H-pyrido[3,4-b]- 
[1,4]benzothiazine (CLXXVI)(1.0 g, 5 mmol) and sodium hydride 
(0.28 g, 11.5 mmol) in toluene (80 mL) and dioxane (20 mL) 
according to General Procedure C. The reaction mixture was 
heated at reflux for 8 h. The product was isolated according 
to General Procedure C to give 10-[3-(4-morpholino) propyl]- 
10H-pyrido[3,4-b][1,4]benzothiazine (CLXXXIX)(1.44 g, 88%) 


asmaneoranve solid:s) mp, ei14-11 520; 1, O90 cm” | (C=C) ; 


; ,CH2 - CH2, 
nmr 6 1.70-2.59(m,8,CHoCHON 0), 3250-4 s10 
‘CH - CH2 
,CH2- CH, 
(m,6 ,CH9CH2CH2N ), 6.70(d(Jq 9 =6Hz2),1,Cy-H), 6.80-7.21 
CH -CHy 


(m,4,Cg-Cg-H), SelB (sz lye, oH); 8 .25(d(J1 9=6Hz)1,Co-H); 
Exact mass calc'd for C;gH 1N30°*S: 327.1405; found (high 


Lesolusionimsyes 327 7R0404% 


4.9.1.1.0 10-(2-Dimethylaminoethyl)-10H-pyrido[3 ,4-b][1,4]- 
benzothiazine oxalate (CXC). 
| Anhydrous oxalic acid (0.35 g, 3.92 mmol) was added 
to a solution of 10-(2-dimethylaminoethyl)-10H-pyrido[3 ,4-b]- 
[1,4]benzothiazine (CLXXXVI) (1.06 g, 3.91 mmol) in absolute 
ethanol (70 mL). The mixture was heated at reflux for 15 


min, cooled to 0°C and filtered to afford 10-(2-dimethyl- 
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aminoethyl)-10H-pyrido[3 ,4-b][1,4]benzothiazine oxalate 

(CXC) (1.41 g, 100%) as a bright yellow solid: mp, 204-206°C; 
ir, 1605 (C=C), 1730 em! (C+0); nmr, DMSO-de, 6 2.79 
(s,6,NH(CH3)9), 3.24(t (Icy, cy =7Hz) .2,N19-CHy CHD), 

4.33 (t (Joy, cHy=7Hz) .2,N!°-CHoCHy), 6.43(br s,2,NH, 

exchanges deuterium oxide,OH,exchanges with deuterium 

oxide), 7.19(d(J1 9=6HZ),1,C,-H), 7.23-7.44(m,4 ,Ce-Cg-H), 

Gee Sell C,,—H) 8 .38(d(J1 9=6Hz) ,1,Co-H) ; Anal ca UcwidiaLor 
Cina oNaO7o. eC, 56-50 o> 305 Nl 1.63 found saa) 5 O71 2 

Hees 19. No 11.40. 


4.9.1.2.0 3-Methyl-10-(2-dimethylaminoethyl)-10H-pyrido- 
| [3,4-b][1,4]benzothiazinium iodide oxalate (CXCI). 


Methyl iodide (0.87 g, 6.1 mmol) was added all at 
once to a solution of 10-(2-dimethylaminoethyl)-10H-pyrido- 
[3,4-b][1,4]benzothiazine oxalate (CXC)(1.1 g, 3.05 mmol) 
at reflux temperature in absolute ethanol (100 mL). The mix- 
ture was allowed to reflux for 4 h and the solvent evaporated 
in vacuo to a 25 mL volume. The solution was cooled to 0°C 
and filtered to give 3-methyl-10-(2-dimethylaminoethyl)-10H- 
pyrido[3 ,4-b][1,4]benzothiazinium iodide oxalate (CXCI) 

Gio omens. macucaye llowesGl1d-ma peu 2 0 OeGe tml om Ooi )y, 
1740 cm! (C=0); nmr, DMSO-d¢/D,0, 6 3.22(s,6,NH(CH3)9), 
3.80(m,2,N'9-CH,CHo), 4.08(s,3,N°-CH3), 4.50(s,HOD), 4.64 
(m,2,N1°-CHoCHy), 7.15-7.51(m,5,C,-H,Cg-Cg-H), 8.29-8.51 

(my 2,C5-H,C,-H); Anal. calc'd for Cy gHo N30 SI: Og EER Fe) 
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Here 4s, Nee 8 034 @ founds :03142:.6769H, “ZR28EON 7 .O4. 


4.9.2.1.0 10-(3-Dimethylaminopropyl)-10H-pyrido[3,4-b][1,4]- 


benzothiazine oxalate (CXCII). 
Anhydrous oxalic acid (0.39 g, 4.35 mmol) was 


added to a solution of 10-(3-dimethylaminopropyl)-10H-pyrido- 
[3,4-b][1,4]benzothiazine (CXII)(1.24 g, 4.35 mmol) in 
absolute ethanol (75 mL). The mixture was heated at reflux 
for 10 min,’ cooled to 0°C,) and, filtered to) afford! 10-(@- 
dimethylaminopropyl)-10H-pyrido[3,4-b][1,4]benzothiazine 
oxalate (CXCII)(1.63 g, 100%) as a bright yellow solid: 

mp, 146-148°C; ir, 1600 (C=C), 1750 em! (C=0). The 

oxalate salt CXCII was unstable in air and was converted 


immediately to the methyl iodide (CXCIII). 


4.9.2.2.0 3-Methyl-10-(3-dimethylaminopropyl)-10H-pyrido- 
[3,4-b][1,4]benzothiazinium iodide oxalate 


CCXCIED) 
Methyl iodide (1.10 g, 7.8 mmol) was added all at 


once to a solution of 10-(3-dimethylaminopropyl)-10H-pyrido- 
(3,4-b][1,4]benzothiazine oxalate (CXCII)(1.46 g, 3.9 mmol) 
at reflux temperature in absolute ethanol (150 mL). The 
solution was allowed to reflux for 4 h and the solvent 
volume reduced in vacuo to 25 mL. The mixture was cooled to 
0°C and filtered to give 3-methyl-10-(3-dimethylaminopropyl)- 
10H-pyrido[3,4-b][1,4]benzothiazinium iodide oxalate (CXCIII) 
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(1-53 g, 76%) as a yellow solid: mp: 189-191°C; ir, 1600 
(C=C), 1740 cm™! (C=O); nmr, DMSO-dg/D 90, 6 2.15 
(m,2,CH7CH9CH)), 2.80(s,6,NH(CH3)5), 3.17(m,5,N°-CHg, 
CH)NH(CH3)9), 4-22(m,3,HOD,N!°CH CH), 7.08-7.50 
(m,5,C,-H,C¢-Cg-H), 8 .20-8.48(m,2,C)-H,C,-H). The salt 
CLXXXIX was unstable to air and used immediately in the 


subsequent reduction with sodium borohydride. 


4.9.3.1.0 10-[3-(1-Pyrrolidinyl) propyl]-10H-pyrido[3 ,4-b]- 
[1,4]benzothiazine oxalate (CXCIV). 


Anhydrous oxalic acid (0.29 g, 3.21 mmol) was added 
to a solution of 10-[3-(1-pyrrolidinyl) propyl]-10H-pyrido- 
[i3n4-piilie 4) benzothiazine (CLXXXVLI) (1.02.03 .21 smmol)ein 
absolute ethanol (40 mL). The mixture was heated at reflux 
FOr"15' min ,2 cool eds tos02Cs andl the) solidital teredstomattord 
10-[3-(1-pyrrolidinyl) propyl]-10H-pyrido[3 ,4-b][1,4]benzo- 
thiazine oxalate (CXCIV) (1.26 g, 98%) as a yellow solid: 
mp, 129-131°C; ix, 1600 (C=C), 1730 cm7! (C=0). The 
oxalate salt CXCIV was unstable in air and was converted 


immediately to the methyl iodide (CXCV). 


4.9.3.2.0 3-Methyl-10-[3-(1-pyrrolidinyl) propyl]-10H-pyrido- 
| [3,4-b][1,4]benzothiazinium iodide oxalate (CXCV). 
Methyl iodide (0.73 g, 5.2 mmol) was added all at 
once to a solution of 10-[3-(1-pyrrolidinyl) propyl]-10H- 


pyrido[3,4-b][1,4]benzothiazine oxalate (CXCIV)(1.0 g, 
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2.5 mmol) at reflux temperature in absolute ethanol (100 mL). 
The mixture was allowed to reflux for 4 h and the solvent 
volume reduced in vacuo to 20 mL. The solution was cooled 

to 0°C and filtered to yield 3-methyl-10-[3-(1-pyrrolidinyl)- 
propyl]-10H-pyrido[3 ,4-b][1,4]benzothiazinium iodide oxalate 
(CXCV) (1.22 g, 90%) as a yellow solid: mp, 233-235°C; ir, 
1590 (C=C), 1740 cm™! (C=0); nmr, DMSO-dg, 6 1.94(m,6, 


7CH2 - CH? 7CH9 - CH? 
CH7 CH2NH [m3 242 (6. .CHo-Na | >, 4.06(m,5,N3-CH3 NH, 
SCH? -CH2 \CH9-CH2 


exchanges with deuterium oxide,OH,exchanges with deuterium 
oxide), 4.70(m,2,N!9CH,), 7.27(m,5,Cy-H,Cg-Cg-H), 8.51(m,2, 
C5-H,Cy,-H). The salt CXCI was unstable in air and was used 


immediately in the subsequent reduction with sodium borohydride. 


4.9.4.1.0 10-[3-(1-Piperidyl) propyl]-10H-pyrido[3 ,4-b][1,4]- 
benzothiazine oxalate (CXCVI). 

Anhydrous oxalic acid (0.38 g, 4.18 mmol) was added 
to a solution of 10-[3-(1-piperidyl) propyl]-10H-pyrido[3 ,4-b]- 
[1,4]benzothiazine (CLXXXVIII) (1.36 g, 4.18 mmol) in absolute 
ethanol (30 mL). The mixture was heated at reflux for 20 min 
and the solvent removed in vacuo to afford 10-[3-(1-piper- 
idyl) propyl]-10H-pyrido[3 ,4-b][1,4]benzothiazine oxalate 
COXGVL) (12/3 ofc! 007.) cascambrishtpye llowssolid: pymppei6)-163 °C; 


ir, 1600. (C=C), 1730 cm! (C=0); nmr, DMSO-d, , 6 
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CH2-CH2, CHa - 
1.32-2.21(m,8 ,CHoCH NH CH)), 2.65-3.22(m,6,CHoNH*+d, 
~ CH? -CH97 CH? - 


4.00(m,2,N!°-cHo), 6.90-7.31(m,5,C,-H,Cg-Cg-H, 8.16 
(s51,C,-H), 8 .32(d(Jy 9=5HZ),1,Co-H). Thehoxalateyvsaut 
CXCVI was unstable in air and was converted immediately to 


the methyl iodide CXCVII. 


4.9.4.2.0 3-Methyl-10-[3-(1-piperidyl) propyl]-10H-pyrido- 
[3,4-b][1,4]benzothiazinium iodide oxalate (CXCVII). 
Methyl iodide (1.04 g, 7.3 mmol) was added all at 
once to a solution of 10-[3-(1-piperidyl) propyl]-10H-pyrido- 
[3,4-b][1,4]benzothiazine oxalate (CXCVI)(1.51 g, 3.64 mmol) 
in absolute ethanol (50 mL) at reflux temperature. The mix- 
ture was heated at reflux for 6 h and the solvent removed 
in vacuo to give 3-methyl-10-[3-(1-piperidyl) propyl]-10H- 
pyrido[3,4-b][1,4]benzothiazinium iodide oxalate (CXCVII) 
(22 0sucrm 00 )paseanyellowssolid-s mp e209-20/5C alten 7 40 
cm7! (C=0); nmr, DMSO-dg/D,0,6 1.42-2.50(m,8, 


/CH2 -CH2. ,CH 
CH9 CH? NH CHO sy ZeDU=3 6D) (mo » CH? - NH yas 4.00-4.32 
\CHg - CH’ CH 


(m,5,NCH,,N!9-CHy), 4.70(s,HOD), 7.11-7.42(m,5,C,-H,Cg-Cg-H), 
8 .17-8.36(m,2,Co-H,C,-H). The salt CXCVII was unstable in 
air and was used immediately in the subsequent reaction 


with sodium borohydride. 
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4.9.5.1.0 10-[-3-(4-Morpholino) propyl]-10H-pyrido[3 ,4-b]- 
[1,4]benzothiazine oxalate (CXCVIII). 


Anhydrous oxalic acid (0.275 g, 3.06 mmol) was 
added to a solution of 10-[3-(4-morpholino) propyl]-10H- 
pyrido[3,4-b][1,4]benzothiazine (CLXXXIX)(1.0 g, 3.06 mmol) 
in absolute ethanol (40 mL). The mixture was heated at 
Terluxecore | Sand timc ooledmat. Onc, andutheesot 1 destitenedato 
afford 10-[3-(4-morpholino) propyl]-10H-pyrido[3 ,4-b][1,4]- 
benzothiazine oxalate (CXCVIII) (1.23 g, 967%) as a yellow 
solid: mp, 162-164°C; ir, 1740 em™! (C=0); nmr, 

DMSO-dg, 6 1.81-2.40(m,2,N!9-CHCHo), 2.96-3.38(m,6, 
CHyNH(CH))5), 3-57-4.16(m,6,N!9-CH» ,CH)-O-CHy), 6-90-7.30 
(m,5,C-H,Cg-Co-H), 8 .12-8.87(m,3,Co-H,C,-H,OH, exchanges 
with deuterium oxide). The oxalate salt CXCVIII was un- 
stable in air and was converted immediately to the methyl 


iodide CIC. 


4.9.5.2.0 3-Methyl-10-[3-(4-morpholino) propyl ]-10H-pyrido- 


[3,4-b][1,4]benzothiazinium iodide oxalate (CIC). 
Methyl iodide (0.68 g, 4.8 mmol) was added all at 


once to a solution of 10-[3-(4-morpholino) propyl]-10H-pyrido- 
[3,4-b][1,4]benzothiazine oxalate (CXCVIII)(1.0 g, 2.4 mmol) 
in absolute ethanol (100 mL) at reflux temperature. The 
mixture was heated at reflux for 4 h and the solvent 

reduced in vacuo to a 20 mL volume. The mixture was cooled 


to 0°C and filtered to afford 3-methyl-10-[3-(4-morpholino) - 
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propyl]-10H-pyrido[3 ,4-b][1,4]benzothiazinium iodide oxalate 
(CIC) (1.23 g, 92%) as a yellow solid: mp, 213-215°C; ir, 
1640 cm! (C=0). The salt CXCV was unstable in air and 

was used immediately in the subsequent reaction with sodium 


borohydride. 


Ete Uictlec libs () 3-Methyl-10-(2-dimethylaminoethyl)-10H-1,2 ,3,4- 
tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CC). 


Sodium borohydride (0.91 g, 23.9 mmol) was added 
slowly to a suspension of Demet hy lod OROPa meer mine Ane 
10H-pyrido[3,4-b][1,4]benzothiazinium iodide oxalate (CXCI) 
Gir eere 2.3 9emmol)s neo) .ethanole (35 mk mataQeCewl tums tar — 
ring. The mixture was allowed to stir for 20 min at 0°C at 
which time all the color had dissipated. The suspension was 
poured onto ice-water (75 mL), extracted with methylene 
chloride (4 x 50 mL), dried (sodium sulfate) and the solvent 
evaporated in vacuo to afford 3-methyl-10-(2-dimethylamino- 
ethyl)-10H-1,2,3,4-tetrahydropyrido[3 ,4-b][1,4]benzothiazine 
(CC) (0.425 g, 61%) as a light green oil. A sample suitable 
for analysis was obtained by preparative tle using silica 
gel G plates with methylene chloride-methanol (3:1 v/v) as 
the development solvent. Extraction of the band having R¢ 
0.29 gave CC: ir (NaCl); 1590 cm™! (C=C); nmr, 6 2.08- 
4.41(m,19,NCH3 ,CH)CH)N(CH3)9,C,-H,Co-H,C,-H), 6 .69-7.47 
(m,4,C6-Cg-H); Exact mass essai cores 8H Cy gH 3N3°7S: 

289.1616; found (high resolution ms): 289.1607; Anal. 
oO We yak Sate ps C1 6H23N3S: CemOOsH4U atl 0 (Our me N wee «D2 eet OULU 
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4.10.1.2.0 3-Methyl-10-(2-dimethylaminoethyl)-10H-1,1a,2,3- 
4,4a-hexahydropyrido[3 ,4-b][1,4]benzothiazine 
CCCI) 


10% Palladium on charcoal (200 mg) was added to a 
solution of 3-methyl-10-(2-dimethylaminoethyl)-1,2,3,4- 
tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CC)(0.47 g, 1.63 
mmol) in 95% ethanol (30 mL). The mixture was hydrogenated 
at 25eC Gore24ah Using hydrogen "pastat 35epsieeThe pale 
ladium-charcoal was filtered and the solvent evaporated in 
NacuoPtomeive av red 0il)(0755 ¢) which was*subj ected to 
Rui eeeat ion on a basic Alumina column (8 cm x 2.5 cm) 
using chloroform-methanol (15:1 v/v). The first 140 mL 
fraction was discarded. The next 100 mL fraction afforded 
3-methyl-10-(2-dimethylaminoethyl)-10H-1,1a,2,3,4,4a-hexa- 
hydropyrido[3,4-b][1,4]benzothiazine (CCII)(0.18 g, 38%) 
aema Wicht greenr;orl: wine (NaCl) 1600 cm! (C=C); nmr 
CDC13/DMSO-de, 6 2.2-4.5(m,21,Cy-H,Cy g-H,Co-H,Cy-H,Cy,-H, 
NCH3 ,CH7CH2N(CH3)9), 6.7-7.32(m,4,Ce-Co-H) ; Exact mass 
Cabced for C, GHo5Na°7S: 291.1773; found (high resolu- 
eskeye) TED Se PAV AOTALS 


4.10.2.1.0 3-Methyl-10-(3-dimethylaminopropyl)-10H-1,2,3 ,4- 


tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CCIII). 


Sodium borohydride (0.735 g, 19.3 mmol) was added 


slowly to a suspension of 3-methyl-10-(3-dimethylaminopropy1) - 
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10H-pyrido[3 ,4-b][1,4]benzothiazinium iodide oxalate (CXCIII) 
ClO 2, 1-93emmol)ein 957, "ethanol @(30*mLjeaceO, Gewrthestir= 
ring. The reaction was allowed to proceed with stirring 

for 30 min at which time all color had dissipated. The 
suspension was poured onto ice-water (75 mL), extracted 
with methylene chloride (4 x 50 mL), dried (sodium sulfate) 
and the solvent evaporated in vacuo to afford 3-methyl-10- 
(3-dimethylaminopropyl)-10H-1 ,2,3,4-tetrahydropyrido[3 ,4-b]- 
Dies ibenzothiazine (CCLIa)™asea' Tight ereen o1) (0.302, 

57 %)- A sample suitable for analysis was obtained by pre- 
Dawative tlcgusing silieca*gel¥Gy plates 920exg209cms #0). 75) mm 
in thickness, with methylene chloride-methanol (3:1 v/v) as 
thé development solvent. Extraction of the band having R¢ 
0.26 gave CCII1: ir (NaCl), 1595 cm! (C=C); nmr, 6 
1.58-2.61(m,17,NCH3 ,CH)CH)N(CH3)9,Cy-H,Co-H), 2.77-3.97 
(m,4,C,-H,N!°-cHo), 6 .50-7.27(m,4,Ce-Cg-H) ; Exact mass 
calce'd for C,7H75N32“S: 303.1769; found (high resolu- 

tion ms): 303.1780; Anal. cale'’d for C;7Ho5N3S5: C, 67.28; 
ty oO Rie Asieasie Gareiheteles 16, Tetioklor the GOR Wy Wesley 


CreriOe2 2 6 O 3-Methyl-10-(3-dimethylaminopropyl)-10H-1,1a, : 


3,4,4a-hexahydropyrido[3 ,4-b][1,4]benzothiazine 
(CCIV). 
10% Palladium on charcoal (200 mg) was added to a 
solution of 3-methyl-10-(3-dimethylaminopropyl)-1,2,3,4- 
tetrahydropyrido[3 ,4-b][1,4]benzothiazine CCCILL).(07.59= pe, 
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1.95 mmol) in 95% ethanol (30 mL). The mixture was hydro- 
genated at 25°C for 24 h using hydrogen gas at 35 psi. The 
palladium-charcoal was filtered and the solvent evaporated 
in vacuo to give a red oil (0.56 g) which was subjected to 
purification on a basic Alumina column (10 cm x 2.5 cm). 
Elution with 150 mL chloroform-methanol (15:1 v/v) afforded 
3-methyl-10-(3-dimethylaminopropyl)-10H-1,1a,2,3,4,4a-hexa- 
hydropyrido[3,4-b][1,4]benzothiazine (CCIV) as a thick green 
Gite (0225290377) 2) ir (NaCl) , 1595 ucmalln (C=O) mmr ae 
CDC13/DMSO-dg,  1.72-4.26(m,23,NCH3 ,CHyCH)CH)N(CH3)o, 

Cy g-H,C,-H,Cy-H,C,-H,Cy,-H), 6.63-7.34(m,4,Cg-Cg-H) ; 

Exact mass cale'd for Cy 7H) 7N3 37S: 3059 20 could. 


(high resolution ms): 305.1916. 


aGevors = i\'c0 3-Methyl-10-[3-(1-piperidyl) propyl]-10H-1,2,3, = 


tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CCV). 
Sodium borohydride (0.61 g, 16.1 mmol) was added 

slowly to a suspension of 3-methyl-10-[3-(1-piperidyl) propyl]- 
10H-pyrido[3,4-b][1,4]benzothiazinium iodide oxalate (CXCVITI) 
(0.89 g, 1.60 mmol) in 95% ethanol (40 mL) at 0°C with stir- 
ring. The mixture was allowed to stir for a further 20 min 
at 0°C at which time the yellow color had dissipated. The 
suspension was poured onto ice-water (75 mL), extracted with 
methylene chloride (4 x 50 mL), dried (sodium sulfate) and 
the. solvent evaporated in vacuo to give a light red oil 


(0.53 g). A portion of this oil (0.27 g) was subjected to 
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preparative tle using six 20 x 20 cm silica gel G plates, 

0.75 mm in thickness, with methylene chloride-methanol (3:1 v/v) 
as the development solvent. Extraction of the band having 

Re 0.30 using 45 mL hot methanol afforded 3-methyl-10- 
[3-(1-piperidyl) propyl]-10H-1,2,3,4-tetrahydropyrido[3 ,4-b]- 
Piey4benzothtazine (CCV) (0 7057 “ge ,°227,) "as vatereen oil?" *ir 
(NaCl), 1590 cm™! (C=C); nmr, 61.27-2.77(m,21,NCH3, 

CH) CHyN(C5Hy 9) »Cy-H,Cy-H), 2.83-2.97(m,4,N'9-cH, ,C,-H), 

6 .62-7.30(m,4,C¢-Cg-H) ; Exact mass ‘calc’ d oz Co gHygN337S: 
343-2082; found (high resolution ms): 343.2078; Anal. calc'd 
£or CopHg9N3S: C, GI. ISEPia oo Ne bee2> setOuUnd ano OU spo 
H, 8.27; WS 2 Se vExtraction of the band having Re 0.69 
using 40 mL hot methanol afforded 10-[3-(1-piperidyl) propyl]- 
10H-pyrido[3 ,4-b][1,4]benzothiazine (CLXXVIII) (0.051 g, 20%) 
which was identical (nmr and micro-tlc) to an authentic 


sample. 


4.10.3.2.0 


3-Methyl-10-[3-(1-piperidyl) propyl]-10H-1,1a,2 ,3- 
4 ,4a-hexahydropyrido[3,4-b][1,4]benzothiazine 
(CCVI). 

10% Palladium on charcoal (200 mg) was added to a 
solution of 3-methyl-10-[3-(1-piperidyl) propyl]-10H-1,2,3,4- 
tetrahydropyrido[3,4-b][1,4]benzothiazine (CCV) (0.66 g, 

1.92 mmol) in 95% ethanol (35 mL). The mixture was hydro- 
genated at 25°C for 24 h using hydrogen gas at 35 psi. The 


palladium-charcoal was filtered and the solvent evaporated 
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in_vacuo to give a red gum (0.61 g). The gum was subjected 
to preparative tle using eight 20 x 20 cm silica gel G 
plates, 0.75 mm in thickness, with methylene chloride- 
methanol (3:1 v/v) as the development solvent. Extraction 
of the band having R¢ 0.26 with 50 mL hot methanol 

afforded 3-methyl-10-[3-(1-piperidyl) propyl]-10H-1,1a,2,3- 
4,4a-hexahydropyrido[3 ,4-b][1,4]benzothiazine (CCVI) as a 
light red gum (0.225 g, 34%): ir, 1590 em™! (C=C); 

nmr, CDC13/DMSO-dg, 6 1.23-4.81(m,27 ,NCH3,CHyCH)CH2N(C5Hy1Q) » 
Cy -H,C,-H,Cy-H,Cy-H,C,,-H), 6.69-7.42(m,4,Cg-Cg-H) ; 
Exactumass=calcidetor Cools 1N3278: 340227 364m LOuUnG 

(high resolution ms): 345.2238. 


4.10.4.1.0 3-Methyl-10-[3-(1-pyrrolidinyl) propyl]-10H- 
1,2,3,4-tetrahydropyrido[3 ,4-b][1,4]benzothiazine 
(CCVII). 

Sodium borohydride (0.38 g, 10.1 mmol) was added 
slowly with stirring to a suspension of 3-methyl-10-[3-(1- 
pyrrolidinyl) propyl]-10H-pyrido[3 ,4-b][1,4]benzothiazinium 
iodide. oxalaten(CXCyV) (0558-25 PIE 0 7emmol eins 957eechanol 
(25 mL) at 0°C. The reduction was allowed to proceed for 
25 min at O°C at which time the color had dissipated. The 
suspension was poured onto ice-water (50 mL), extracted with 
methylene chloride (4 x 50 mL), dried (sodium sulfate) and 
the solvent evaporated in vacuo to give a thick red oil 


(Oe36ue).) A portion of tiits oil (0.28 g) was subjected to 
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preparative tle using six 20 x 20 cm silica gel G plates, 
0.75 mm in thickness, with methylene chloride-methanol 

(3:1 v/v) as the development solvent. Extraction of the 
band having R¢ 0.33 using 50 mL hot methanol gave 3-methyl- 
10-[3-(1-pyrrolidinyl) propyl]-10H-1,2,3,4-tetrahydropyrido- 
[3,4-b][1,4]benzothiazine (CCVII)(0.058 g, 21%) as a light 
green oil: ir (NaCl), 1595 em! (C=) nmr Fes) 16 3—=2 $17 


,CH2-CH9 (CH) - CHD 
(m,6 ,CH2CHoN [ ), 2.17-2.82(m,13,NCH3 ,CH9-N ced 
CH? -CH9 ‘CH - CHa 


Co-H), 3.02(m,2,C,-H), 3-29-4.40(m,2,N!9-CH)), 6.56-7.37 
(m,4,C¢-Cg-H); Exact mass calc'd for Cy9Ho7N3S: 329.1926; 
Bourne &Chigh’ resolution *ms)** $329:01924 7 sAnal S*calic-d¥ior 

C1 gH>7N3S: Ce69 S26 HSS a2 ON Sia. 7 D7 BEOUTIC EG 5 09.0 17; 
Hees lseN, 12 .060.0 gextraction of sthe*band having Re 0./2 
with 50 mL hot methanol gave 10-[3-(1-pyrrolidinyl)propyl]- 
10H-pyrido[3,4-b][1,4]benzothiazine (CLXXXVII) (0.047 g, 18%) 
which was identical (nmr and micro-tlc) to an authentic 


sample. 


4.10.4.2.0 3-Methyl-10-[3-[(1-pyrrolidinyl) propyl]-10H-1,1la- 
2,3,4,4a-hexahydropyrido[3 ,4-b][1,4]benzothiazine 
(CCVIIT). 
10% Palladium on charcoal (230 mg) was added to a 


solution of 3-methyl-10-[3-(1-pyrrolidinyl) propyl]-10H- 
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1,2,3,4-tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CCVII) 
(0557. 2,.2.01 mmol) in 95% ethanol (40 mL). The mixture 
was hydrogenated at 25°C for 24 h using hydrogen gas at 35 
psi. The palladium-charcoal was filtered and the solvent 
evaporated in vacuo to give a red gum (0.715 g). The gum 
was subjected to preparative tlc using twelve 20 x 20 cm 
silica gel G plates, 0.75 mm in thickness, with methylene 
chloride-methanol (3:1 v/v) as the development solvent. 
Extraction of the band having R-¢ 0.28 using 50 mL hot 
methanol afforded 3-methyl-10-[3-(1-pyrrolidinyl) propy1]- 
10H-1,1a,2,3,4,4a-hexahydropyrido[3 ,4-b][1,4]benzothiazine 
CCOVLL) easvaglioht. red cum) (0.25 2) 3297) ir e(Nacl): 
1595 cm™! (C=C); nmr, CDC1z/DMSO-dg, 6 1.53-4.38 

(m,25 ,NCH3 , CH» CH) CH2N(CyHg) ,Cy g-H,Cy-H,C-H,Cy-H, 

Guts 6 .55-7.32(m,4,C¢-Cg-H) ; Exact wmass calesd for 

Cy Ho 9N32*S: 331.2082; found (high resolution ms): 

Bolte 207 4 2 


4.10.5.1.0 3-Methyl-10-[3-(4-morpholino) propyl]-10H-1,2,3,4- 
tetrahydropyrido[3,4-b][1,4]benzothiazine (CCIX). 
Sodium borohydride (0.54 g, 14.3 mmol) was added 
slowly to a suspension of 3-methyl-10-[3-(4-morpholino)- 
propyl]-10H-pyrido[3,4-b][1,4]benzothiazinium iodide oxalate 
(CIC) (0.80 g, 1-43 mmol) in 95% ethanol (25 mL) at OaCawith 
stirring. The reaction was allowed to proceed for 30 min 


at which time the yellow color had dissipated. The 
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Suspension was poured onto ice-water (50 mL), extracted 
with methylene chloride (4 x 50 mL), dried (sodium sulfate) 
and the solvent evaporated in vacuo to give a red oil 
KO2535e2)-) A portion of this o11 (0.36502)swasesublected 

to preparative tlc using eight 20 x 20 em silica gel G 
plates, 0.75 mm in thickness, with methylene chloride- 
methanol (3:1 v/v) as the development solvent. Extraction 
of the band having R¢ 0.37 using 50 mL hot methanol 
afforded 3-methyl-10-[3-(4-morpholino) propyl]-10H-1,2,3,4- 
tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CCIX) (0.068 g, 
20%) as a green oil: ir (NaCl), 1590 cm! COAG IS Glave, 

6 .1.57-2.09(m,2,CHjCH)CH)), 2.21-2.77(m,13,NCH3 ,CHoN(CHo)o, 
Cy-H,Co-H), 2.94-3.10(m,2,C,-H), 3.52-3.91(m,6,N!9-CH,, 
CH»0CH)), 6.69-7.37(m,4,CeE-Cg-H); Exact mass evciel re) imehe 

Cy Hp 7N3072S: 34531875; found (high resolution ms): 
345.1872; Anal. calc'd for Cj,7H97N308: C, 66.05; H, 7.88; 
Noa h2 31.6 cloud spe Gig 05 eal sual f dice 710 AN) P2206 angie traction 
of the band having R¢ 0.77 using 50 mL hot methanol gave 
10-[3-(4-morpholino) propyl]-10H-pyrido[3 ,4-b][1,4]benzothia- 
zine (CLXXXIX) (0.094 g, 29%) which was identical (nmr and 


micro-tlc) to an authentic sample. 


4.10.5.2.0 3-Methyl-10-[3-(4-morpholino) propyl]-10H-1,1a- 


2,3,4,4a-hexahydropyrido[3 ,4-b][1,4]benzothia- 
zine (CCX). 
10% Palladium on charcoal (210 mg) was added to a 


solution of 3-methyl-10-[3-(4-morpholino) propyl]-10H- 
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1,2,3,4-tetrahydropyrido[3 ,4-b][1,4]benzothiazine (CCIX) 
(OR, ieee. -Oosmmo mined >.sethanol (400ml) a elhesmixcure 

was hydrogenated at 25°C for 24 h using hydrogen gas at 35 
psi. The palladium-charcoal was filtered and the solvent 
evaporated in vacuo to give a red gum (0.68 g). The gum was 
subjected to preparative tle using twelve 20 x 20 cm silica 
gel G plates, 0.75 mm in thickness, with methylene chloride- 
methanol (2:1 v/v) as the development solvent. Extraction 
of the band having R¢ 0.42 using 50 mL hot methanol 

afforded 3-methyl-10-[3-(4-morpholino) propyl]-10H-1,1a,2,3- 
4,4a-hexahydropyrido[3 ,4-b][1,4]benzothiazine (CCX)(0.21 g, 
30%) as a light red gum: ir(NaCl); 1590 em! (C=C); nmr, 
CDC13 /DMSO-de , 6 1.49-4.53(m,25 ,NCH3 , CH» CH CH» CyHg0,Cy 4-H, 
Cy-H, Co-H, Ce-ue pa); 6 .63-7.40(m,4,Ce-Cg-H) ; Exact mass 
Calcedetor Cy gHa9N3032s: 347.2031; found: (high resolution 
MS) mero e202 5 


4.11.1.1.0 10-Methyl-10H-pyrido[3,4-b][1,4]benzothiazine 


(CCX1). 
10H-Pyrido[3 ,4-b][1,4]benzothiazine (CLXXVI)(1.5 g, 


7.5 mmol) was added portionwise to a suspension of sodium 
hydride (0.40 g, 16.5 mmol) in anhydrous tetrahydrofuran 
(60 mL) under a nitrogen atmosphere at 25°C with stirring. 
The resulting dark brown suspension was stirred at room 
temperature for 1 h and methyl iodide (2.34 g, 16.5 mmol) 


was added dropwise. The suspension was stirred for an 
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additional hour and the yellowish suspension filtered under 
a nitrogen stream. The filtrate was treated with water 

(50 mL), extracted with ether (4 x 50 mL), dried (sodium 
sulfate) and the solvent removed in vacuo to give a red gum. 
Recrystallization from hexanes gave 10-methyl-10H-pyrido- 
[3,4-b][1,4]benzothiazine (CCXI)(1.03 g, 64%) as an orange 
solid: mp, 94-96°C; ir, 1595 cm™! (C=C); nmr, 6 3.35 
(s,3,CH3), 6 .63(d(J; 9=6HZ),1,C,-H), 6. / 2-71.39 (i, 4, CE-Co-H)), 
8.20(s,1,C,-H), 8.31 (d(J1 9=6Hz),1,Co-H) ; Exact mass 

Calc. detor Cy 9Hy Np 22S: 214.0565; found (high resolu- 
ELOnsemS es 2400 27. 


4.11.1.2.0 10-Acetyl-10H-pyrido[3,4-b][1,4]benzothiazine 
(CCKII). 

Sodium acetate (0.115 g, 1.40 mmol), acetic an- 
hydride (7.5 mL) and 10H-pyrido[3,4-b][1,4]benzothiazine 
(CLXXVI) (1.0 g, 5 mmol) were heated at reflux for 30 min. 
The mixture was poured onto 30 mL ice-water and ammonium 
hydroxide (15 mL) added. The resulting solid was collected 
by vacuum filtration and recrystallized from hexanes-chloro- 
form to give 10-acetyl-10H-pyrido[3 ,4-b][1,4]benzothiazine 
(GOOG -0sees) 65.) easerusteplLaces aump wl 40eC;m17, OSU 
cm! (C=0); nmr, 6 2.29(s,3,CH3), 7-20-7.50(m,4,Cg-Cg-H) , 
7.58(d(J1 9=6Hz),1,C,-H), 8 .57-8./1 (m,2,C5-H,C,-H) ; Exact 
Massecalc.d for Cy 3Hy N2074s: 242,051.45) found (hish 


resolution ms): 242.0512. 


Pe P' 
" : 
fc aan 


us thon) oe 

pepenrisseriye | us Inav. 2 6a0' 

-obbrygoHOt-Deitsaatet ; : peer 2 ‘fol ts dal 

samaxo wa oe (Zde .2 Cos ttTxO3) an dpe GE © 
et.£ 8 . ame of et ie 7 ; 

it~ g)-g9, bape. 5-808 le r, jpn ener’ ee 2 

aasm 39nx8 {t8-@, tO, poe ress VGiey 

-ulosst dgin) baved a ydeovats a8 iid 

b hited, ‘sae0.ars ; ‘Ve 


no 26g t Re 
vatsaidsosned [yf dubai sal tethed 
| | ARO hh ne 

-718 3hisoe’ , (enn 04.5 ya. ath 0) $3 


enisalditesnad|¢, f]{d-6,€lobizyq-H0F i ‘(le 2 pi Dy 
ola Of vot anltex ta beosed ois (Lomas 2 2 0.DG 


ey 
en 


one Oe 
inertaouma bea vesmraeal Be OF e340 “beivdq Sew TL ite | 
betoeiles eaw bilos gaisiveat sdT seoba(db'et) 
-otelio-esumxan moxt coon eee 
ariteiiiosned[s, nie ‘, Ejobiayq-HOt-Ie3 
Oger .4z ,9°0ST ‘we ~laadale yeu <i 2. 


(ite gg a O8HN coset, CERO, E, ae sai C00) 
send ieee reeeet es Te Gatideg, ft 


7 #f ig 
righd) baso® ,at20.80s "280, Ha | 
oH wey oa ne py Mb cae ee ne 
: i « ; 22 Mod 6 
| < Side : " we a 7 | 


ppt ope z 


‘ee ener’ 
‘i it 


262 


Bel. 2. 1h. O 3,10-Dimethyl-10H-pyrido[3 ,4-b][1,4]benzothia- 

zinium iodide (CCXIII). 

10-Methyl-10H-pyrido[3 ,4-b][1,4]benzothiazine 

(CCXI) (0.45 g, 2.1 mmol) and methyl iodide (2.25 g, 15.8 
mmol) in 60 mL acetone were heated at reflux for 1 h. The 
mixture was cooled to 0°C and the yellow solid collected by 
vacuum filtration to give 3,10-dimethyl-10H-pyrido[3 ,4-b]- 
[1,4)benzothiazinium iodide (CCXIII)(0.56 g, 75%): mp, 189- 
191°C (mp reported2/9; 189-192°C). 


4.11.2.2.0 3-Methyl-10-acetyl-10H-pyrido[3,4-b][1,4]benzo- 
thiazinium iodide (CCXIV). 
10-Acetyl-10H-pyrido[3 ,4-b][1,4]benzothiazine 
CGCX 11) (0.56 2, e253 mmol )mand methyl tcdides (2.5 52,51 Jz5 
mmol) in 60 mL acetone were heated at reflux for 4 h. The 
mixture was cooled to 0°C and the yellow solid collected by 
vacuum filtration to afford 3-methyl-10-acetyl-10H-pyrido- 
[3,4-b][1,4]benzothiazinium iodide (CCXIV)(0.79 g, 89%): mp, 
193-195°C; ir, 1700 cm™! (C=O); nmr, CD30D/DMSO-dg, 6 
2.40(s,3,COCH,), 4.41(s,3,N3-CH3), 7.40-7.77(m,4,Cg-Cg-H) , 
8 .37(d(J1 9=6Hz),1,C,-H), 8 .96(d(J1 9=6Hz),1,C)-H), 9.20 
(s,1,C,-H). This sample was subjected immediately to 


reduction using sodium borohydride. 


~ oii (soar: ff 
—s _ - “ 
ontssidios nada ft bey £ ybrayg-H0 1-H 438 

' i hia 
e.2t .9 @8,S) sbibot & hen (Loam t 2 | 
aft ) .o Tf tet xu lias a4 .; had orew on01998 ea : 7 toa 


a rat 
ef heseelida biion » wet bee 70 oa, ketone een 
fd-a, Cobraye-HOl-ien somthing £ avig o3 aoksexsi23 a ie 


-C6f .am c€FOS va Otee 0) «FaLA) ebibot mut teteghyeray 1 
, 
Ci Sas “€31 OT Spgssoges om aie ret 


-iviseltae | 0:48.41 
7 ‘ie aa Si 


-osnodté, Biidsh e)e Pitiens ets: 325-01 
+ TRS) aetbot minisstd3 


mis soanad[s, 17) ito, EjebsryqrNOt-fy293A+0F Luk a 


*.<! .9 & 2) abibot Fytzem bes (fom £6.28 .2 98.0) aI 29). 


oat ff # 30% calles ts begaad siz9w areas In. 0a aie 7 

Bes: 
ou os =u oh 
-o8L eyg-Or~s _s058 <8 t~ ~iqiizem-€ biol? A O23 nor arate § muSe 


ed betogiion #2 ge wollsy sd2 baa 2°0 b3 bs Looe av. 
v 
i 
dod. 8) 
om «6 CCR og PTR LVI) sekbot ominisesdsosiiad |, id-p,€] 


A 1 gp? -ORMT GOD or 4008) is ma, DONT: ah ee] 2e)-ce 
Ghd AD RS la ln Prete ol w ? £.0)085 
OS 8 . {Heit ara ARMED. BB (sms yE >) Teak 
o3 a ca pacers we ages. Miley iy | 


ints 


= : : if _ 
' , i, 
5 
7 f nll 


the 


263 


CFB he-ob bend LO) 3,10-Dimethyl-10H-1 ,2,3,4-tetrahydropyrido- 
[3,4-b][1,4]benzothiazine (CCXV). 


Sodium borohydride (0.22 g, 5.8 mmol) was added 
portionwise to a suspension of 3,10-dimethyl-10H-pyrido- 
[3,4-b][1,4]benzothiazinium iodide (CCXIII) (0.41 g, 1.15 mmol) 
Privo ethanol ChUOemL) at 0-C with stirring. The) reaction 
was allowed to proceed at O°C for 2 h and then poured onto 
50 mL crushed ice. The mixture was extracted with chloro- 
form (4 x 50 mL), dried (sodium sulfate) and the solvent 
evaporated in vacuo to afford 3,10-dimethyl-10H-1,2,3,4- 
tetrahydropyrido[3 ,4-b][{1,4]benzothiazine (CCXV)(0.24 g, 
AS) BIS El Meteenke peer Gabe she VONEIGI CNG cm | (C=C) ; 
nmr, 6 2.16-2.65(m,5,N3-CH3,C,-H), 2.87-3.13(m,7,N!9-CH,, 
Cy-H,Cy-H), 6-.54-7.30(m,4,Ce-Co-H); Exact mass calcid 
for C1 3Hy¢N 22S: 232.1035; found (high resolution ms): 

Zot bOST 


4.11.3.2.0 3-Methyl-10-acetyl-10H-1,2,3,4-tetrahydropyrido- 
[3,4-b][1,4]benzothiazine (CCXVI). 


Sodium borohydride (0.19 g, 5.0 mmol) was added 
portionwise to a suspension of 3-methyl-10-acetyl-10H-pyrido- 
[3,4-b][1,4]benzothiazinium iodide (CCXIV)(0.38 g, 1.0 mmol) 
in 20 mL methanol at -65°C with stirring. The reaction was 
allowed to proceed for 1 h at -65°C and then poured onto 
50 mL crushed ice. The mixture was extracted with chloroform 


(4 x 75 mL), dried (sodium sulfate) and the solvent removed 
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in_vacuo to yield 3-methyl-10-acetyl-10H-1,2,3,4-tetrahydro- 
pyrido[3,4-b][1,4]benzothiazine (CCXVI)(0.23 g, 88%) as a 
red oil: ir (NaCl), 1680 cm! (C=0); nmr, 6 2.11(s,3,COCH3), 
2.14-2.96(m,7,NCH3 ,C,-H,Co-H), 320423 =3.0,Gut2 C7 —H) seals ile 
7.50(m,4,Ce¢-Cg-H) ; Exact mass ycealc'dsfor Cy 4Hy gN2022Ss: 
260.0983; found (high resolution ms): 260.0985. 


4.12.0.0.0 4-Deutero-10-methyl-10H-pyrido[3 ,4-b][1,4]benzo- 
thiazine (CCXVII) and 4-n-butyl-10-methyl-10H- 
pyrido[3,4-b][1,4]benzothiazine (CCXVIII). 


n-Butyllithium (0.94 mmol, 0.60 mL of a 1.55 M 
solution in hexane) was added dropwise to a solution of 
10-methyl-10H-pyrido[3,4-b][1,4]benzothiazine (CCX1)(0.10 g, 
0.47 mmol) in 10 mL anhydrous tetrahydrofuran under a nitro- 
gen atmosphere at 0O°C with stirring. The brown solution was 
allowed to stir for 1 h at O°C and then allowed to warm to 
room temperature over a 3 h period. The solution was treated 
with deuterium oxide (0.2 mL), dried (sodium sulfate) and 
the solvent removed in vacuo to give a light red oil. The 
oil was subjected to preparative tlc using three 20 x 20 cm 
silica gel G plates, 0.75 mm in thickness, with methylene 
chloride-acetone (7:1 v/v) as the development solvent. 
Extraction of the band having R¢ 0.37 using 20 mL hot 
chloroform afforded 4-deutero-10-methyl-10H-pyrido[3 ,4-b]- 
[1,4]benzothiazine (CCXVII)(0.025 g, 25%) as a red semi- 
souLd:sa mnmr,t6 3.36(s,3,CH3), 6.65(d(J, 9=6Hz),1,C,-H), 
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6 .72-7.33(m,4,C¢-Cg-H), 8 .27(m,1,Co9-H); Exact mass calc'd 
for Cy 9HgDNy 37S: 215.0626; found (high resolution ms): 
215.0617. Extraction of the band having Re 0.42 using 

20 mL hot chloroform gave 4-n-butyl-10-methyl-10H-pyrido- 
[3,4-b][1,4]benzothiazine (CCXVIII) (0.023 g, 18%) as a red 
oil: ir (NaCl), 1595 cm™! (C=C); nmr, 6 0.91-2.13(m,7,C3H7), 
2.72-3.04(m,2,CH5oC3H7), 3.37(s,3,CH3), 6 .53(d(J1 9=6Hz), 
1,C,-H), 6.70-7.32(m,4,C¢-Co-H), 8 .26(d(J, 9=6Hz),1,Co-H) ; 
Exactamlassacalc’ dato Cy ¢HygNp24s: 280 1A 9ieetound 

(high resolution ms): 270.1196. 


4.13.0.0.0 10-Methoxycarbonyl-10H-pyrido[3 ,4-b][1,4]benzo- 
thiazine (CCXXI1) and bis-(3 ,10-methoxycarbonyl)- 
10H-3 ,4-dihydropyrido[3 ,4-b][1,4]benzothiazine 
(CCXXII). 
A. Reaction of 10H-pyrido[3 ,4-b][1,4]benzothiazine (CLXXVI 
with diisobutylaluminum hydride and methyl chloroformate. 
Diisobutylaluminum hydride (1.73 mmol, 1./3 mL of 
a 1.0 M solution in hexane) was added dropwise to a suspen- 
sion of 10H-pyrido[3,4-b][1,4]benzothiazine (CLXXVI) (0.32 g, 
1.6 mmol) in anhydrous tetrahydrofuran (30 mL) under a 
nitrogen atmosphere at 0°C with stirring. The red solution 
was Stirred tor 1) h at OsCrvand methyl! chlorotormate 
(0.49 g, 5.2 mmol) was added all at once. The resulting 
red suspension was stirred for 18 h at room temperature 


under a positive nitrogen pressure. Water (2 mL) was added 
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and the reaction mixture was allowed to stir for an addi- 
tional 20 min. A further 10 mL of water was added and the 
pH of the mixture was adjusted to 10 using 1.0 N sodium 
hydroxide. The aqueous mixture was extracted with methylene 
chilorides(5exe40 mh), adriedy(sodium sulfate) sands thessol= 
vent evaporated in vacuo to give a thick orange oil which 
was subjected to preparative tle using eight 20 x 20 cm 
silica gel G plates, 0.75 mm in thickness, with ether as 
the development solvent. Extraction of the band having R¢ 
0.35 with 50 mL hot acetone gave 10-methoxycarbonyl-10H- 
pyrido[3,4-b][1,4]benzothiazine (CCXXI) as a yellow solid 
(0.035 g, 9%): mp, 112-114°C; ir, 1735 em™! (C=O); nmr, 

6 3.86(s,3,CH3), 7-14-7-70(m,5,C,-H,Ce-Cg-H), 8.39-8.71 
(m,2,C5-H,C,-H) ; Exacte masse calcr ds tor Cy 3HyN200378: 
258.0463; found (high resolution ms): 258.0461. Extrac- 
tion of the band having R¢ 0.76 using 50 mL hot acetone 
afforded bis-(3,10-methoxycarbonyl)-10H-3 ,4-dihydropyrido- 
[3,4-b][1,4]benzothiazine (CCXXII)(0.13 g, 25%) as a yellow 
solid: mp, 142-144°C; ir, 1730 cm™! (C=0); nmr,6 3.82 
(m,6,CH3), 4.53(m,2,C,-H), 5 -47(d(J, 9=8Hz),1,C,-H), 6.83 
(m,1,C5-H), 7.16-7.67(m,4,Ce-Cg-H); Exact mass ealct ditor 
Cy 5Hy ,N207348: 318.0674; found (high resolution ms): 
318.0670. 
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B. Reaction of 10H-pyrido[3,4-b][1,4]benzothiazine (CLXXVI) 
with borane-tetrahydrofuran, sodium bis-(2-methoxyethoxy)- 
aluminum hydride and methyl chloroformate. 


Borane-=tetranyarofuran (1 250 mmoly el. 55ameuotaa 
0.97 M solution) was added dropwise to a suspension of 10H- 
pyrido[3,4-b][1,4]benzothiazine (CLXXVI) (0.30 g, 1.5 mmol) 
in anhydrous tetrahydrofuran (20 mL) under a nitrogen atmos- 
phere at -78°C with stirring. The temperature was main- 
tained at -78°C for 15 min and then sodium bis-(2-methoxy- 
ethoxy)aluminum hydride (3.0 mmol, 0.42 mL of a 70% solu- 
tion in toluene) was added dropwise, followed by methyl 
chlorotormate Cly.7 1 2 313.0 mmol) al lat Concent helacer. 
The red suspension was allowed to stir for 16 h at room 
temperature under a positive nitrogen pressure after which 
time water (5 mL) was added and stirring continued for an 
additional 30 min. A further 10 mL of water was added and 
the pH of the mixture adjusted to 10 using 1.0 N sodium 
hydroxide. The aqueous mixture was extracted with methylene 
chloride (5 x 40 mL), dried (sodium sulfate) and the solvent 
evaporated in vacuo to give a red gum. The gum was sub- 
jected to preparative tle using twelve 20 x 20 cm silica 
gel G plates, 0./5,mminegthickness, with ether as the 
development solvent. Extraction of the band having R¢ 0.36 
using 50 mL hot acetone gave CCXXI (0.017 g, 4%) which was 
identical (nmr and micro-tlc) to an authentic sample 


described previously. Extraction of the band having Rr 0.76 
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using 50 mL hot acetone afforded CCXXII (0.18 g, 38%) which 
was identical (nmr and micro-tlc) to an authentic sample 


described previously. 


ee PRET ORAS eA) 3-tert-Butoxycarbonyl-3H-pyrido[3 ,4-b] [1,4] 


benzothiazine (CCXXV). 
In a dry nitrogen atmosphere 10H-pyrido[3,4-b]- 


[1,4]benzothiazine (CLXXVI) (0.30 g, 1.5 mmol) was added 
portionwise with stirring to a suspension of sodium hydride 
(0.10 g, 4.2 mmol) in anhydrous tetrahydrofuran (40 mL). 

The light orange suspension was stirred for 1 h at room 
temperature and tert-butoxycarbony] azide (0.715.¢, 5 mmol) 
was added dropwise. The red suspension was filtered under 
aanitrogen. stream after stirring for |] h. Water (20 mL) 

was added and the mixture extracted with methylene chloride 
(4 x 40 mL), dried (sodium sulfate) and the solvent evapor- 
ated in vacuo to give a light red gum. Evaporation of 
excess tert-butoxycarbonyl azide under vacuum (1.0 mm Hg) 
and recrystallization of the red solid from hexanes afforded 
3-tert-butoxycarbonyl-3H-pyrido[3 ,4-b][1,4]benzothiazine 
(CCXXV) (0.40 g, 88%); mp, 120-121°C; ir, 1720 em™! (C=O); 
nmi, oo 1,..50:GS.,9 ,tert-Bu)., 6.78(d(J, 9=8Hz),1,C,-H), 6.74-7.09 
(m,5,C,-H,Ce-Cg-H), 7 .32(d(J1_ 9=8Hz) Of d(Jo 4=1-5Hz), 
1,Co9-H); Exact mass cala dator Cy GHy6N202278: 300.0933, 
found (high resolution ms): 300.0930. Initial purification 


of 0.25 g of CCXXV was attempted using neutral Alumina 
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chromatography. Elution with methylene chloride-methanol 
(10:1 v/v, 200 mL) gave 10H-pyrido[3,4-b][1,4]benzothiazine 
(CLXXVL) as the only product. 


4.15.0.0.0 3-Methoxycarbonyl-3H-pyrido[3,4-b][1,4]benzo- 
thiazine (CCXXVI). 


Diisobutylaluminum hydride (1.85 mmol, 1.85 mL of 
a 1.0 M solution in hexane) was added dropwise to a solu- 
tion ov 10-acetyl-10H-pyrido[3 ,4-b][1,4]benzothiazine 
(CCXII) (0.415 g, 1.71 mmol) in anhydrous tetrahydrofuran 
(20 mL) under a nitrogen atmosphere at 0°C with stirring. 
The red solution was allowed to stir for 1 h at 0°C and 
methyl chloroformate (0.53 g, 5.6 mmol) was added. The 
resulting red suspension was stirred at room temperature for 
4 h under a positive nitrogen pressure. Water (10 mL) was 
added and the pH of the mixture adjusted to 9 using 1.0 N 
sodium hydroxide. The aqueous mixture was extracted with 
methylene chloride (5 x 40 mL), dried (sodium sulfate) and 
the solvent evaporated in vacuo to give a solid which was 
recrystallized from hexanes-acetone to yield 3-methoxycar- 
bonyl-3H-pyrido[3,4-b][1,4]benzothiazine (CCXXVI) (0.395 g, 
907) as a. light cred powder: Smp, 31-1322C-517 91/760 em! 
(C=0); nmr, 6 3.96(s,3,CH3), 5 -86(d(J1 9=8Hz),1,C,-H), 6.73- 
7-16(m,5,C,-H,Ce-Cg-H) , 7 42(d(J, 9=8Hz) of d(Jo 4=1-5Hz), 
1,Co-H); Exact mass calc'd for C13HyQN9073*S: 258.0463; 
found (high resolution ms): 258.0463. 


fore) sp~ebbxo Sia 
sips cottoemed (ey, Midas 
7 7 senna <td 


~os sett b, rae Td-By €. lon ae las waa dehy ni ao 


enteetis : 


* efituxx92) -_ | 


Yo win @H-f , fom east) sursbet unineme ; 7 
; reo sd note aa (oomxed rf" riotautee' r ». 


ol 2B & Ow 

 aabsaldzocnnd pa, ries, Hybo Serq-HOt reseae-0r 3 mors 
daha enacts avovbitiies a Clown Th.PF 8 28.0) ; 09) 
| ; ser 


' 7 gs: os 
» Hose 3° 38 srsiqeamae asgorsid & seat ea 25) 


208 sttgse 
) iy heres 
6 9°O 16 A YT 382 sive #9 bevofls saw acorsulos ‘bs 


op ‘bebe eew Crombie 2&0) acemtdioze ite hymn 
2 aan ae ‘4 moot 33 bervkse wav rolensqaue bat gots foes 
saw (ie OF) te3e0 ohaarg mspoxsia Svittooy s xobm a s | 
iAteu 9 bd betes eyvaxte sd2 Xo re ote ba bobbs 
igiw beJset2xs eaw orireat bat ewisepa sdT wrens — j 


brs en na he bob seat & Liheotrewisy vat 


-tasyxolient, Sa ort i ; 
9 eet. CVRD) wbdzos epee obs xq- HEE qaod 
Ios GWOT int ore 5 setg hs sos 
68 GRY He 


Dee. Sel 
rrr . 
4 pein 
es 


240 


4.16.0.0.0 Analgesic testing. 


A. Phenylgquinone writhing test290, 

Five male ICR mice (20-25 g) were confined to their 
own glass jar and were denied food and water for the dura- 
tion of the experiment. The test compound, dissolved in 
water or aS a suspension in water using Tween 80 as a 
solubilizer, was given subcutaneously to each mouse at a 
dose of 0.1 mL/10 g body weight followed 30 min later by 
an intraperitoneal dose of 0.03% phenylbenzoquinone in 5% 
ethanol (0.1 mL/10 g body weight). Ten min later each mouse 
was counted for each writhing abdominal constriction 
response over a ten minute period. The average number of 
writhes for the five mice were compared to a similar set of 
mice receiving only 0.03% phenylbenzoquinone. The % change 
is calculated according to the following equation: 

% change = 100-(number of writhes in the treated group/number 


CiawireneseilmtiesCOUCLOLspLOup) ere) UU. 


B. Hot plate test293»294, 
Five male ICR mice (20-25 g) were individually 


placed on a copper hot plate maintained at temperature of 
54.5°C (boiling acetone). Each mouse was timed from the 
moment it was placed on the hot plate till the time it 
showed obvious discomfort (thumping of rear leg or jumping 


off the hot plate surface). The mice were then given a 
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subcutaneous dose of the test compound (0.1 mL/10 g body 
weight) and 30 min later the hot plate assay was repeated. 
The average time of contact with the hot plate was compared 
before and after the dosing of the test compound. No mouse 
was allowed to stay on the hot plate for more than 30 sec. 
The % analgesia was calculated using the following equation: 


% analgesia = (Ty -Tp) x 100 
(Tmax-To) 


To = control time; Tt = latency time at 30 min; Tmax = 30 sec. 


C. Narcotic antagonistic evaluation using the phenylquinone 
writhing test. 


Five male ICR mice (20-25 g) were confined to their 
own glass jar and were denied food and water for the duration 
of the experiment. The narcotic antagonist, dissolved in 
water or as a suspension in water using Tween 80 as a solu- 
bilizer, was given subcutaneously to each mouse at a dose of 
0.1 mL/10 g body weight followed 15 min later by a subcutan- 
eous dose of the known analgesic (0.1 mL/10 g body weight). 
Phenylbenzoquinone (0.03%) (0.1 mL/10 g body weight) was 
given by intraperitoneal dose 30 min later and the duration 


of the experiment is as described in the phenylquinone test. 
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4.17.1.0.0 Antimicrobial testing. 


A. Procedure for 2,/-diazabicyclo[4.1.0]hept-3-enes. 


The organisms used in the study are listed in the 
discussion. Compounds, unless soluble in water, were dis- 
solved in DMSO and diluted serially to various concentra- 
tions. The concentrations of stock were prepared in such a 
way that when 0.5 mL was added to 15 mL of agar media the 
desired final concentrations were obtained. The agar plates 
were streaked with a loopful of test organism suspension at 
a concentration of approximately 10° organisms/mL. The 
plates were incubated for 2-14 days for fungi at 24°C and 
at 35°C for bacteria. The result is expressed as minimal 
inhibitory concentration which was defined as the lowest 


concentration that prevented visible growth on the media. 


B. Procedure for 1-alkylpiperidylidene-2-cyan(sulfon) amides. 


The organisms used in the study are listed in the 
discussion. The agent dissolved in water or methanol was 
added by micro-pipet to a 4 mm paper disc and after drying 
placed on a microbial lawn. The lawn was prepared by adding 
femimomeovertiteht baccterital culture toeZ00emL, Oreantubiotic 
apes, pouring into 20 x 20 cm forms and allowing to solidify. 
The cultures were incubated at 37°C overnight and the zones 


of inhibition measured. 
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C. Procedure for 3-azaphenothiazine derivatives. 


The organisms used in the study are listed in the 
discussion. Compounds were dissolved in 0.3 mL of DMSO 
and added to 9 mL antibiotic broth for bacteria and 9 mL 
sabouraud-dextrose broth for fungi to give a final con- 
centration which was 100, 10 and 1 ug/mL respectively. The 
tubes were inoculated with approximately 10° test organism 
suspension. The tubes were incubated for 6 days at 37°C 
for bacteria and 25°C for fungi. The result is expressed 
as minimal inhibitory concentraton which was defined as 
the lowest concentration that prevented visible growth in the 


Dror. 


4.17.2.0.0 Antiprotozoal testing?!/, 


The test organisms used were Trichomonas vaginalis 
ATCC 30003 growing in TXM basal medium and Entamoeba histo- 
lytica ATCC 30015 growing in TP-S-1 monophasic medium. Each 
test compound was added to the liquid medium of 10 yg/mL final 
concentration for the amoeba and 50 ug/mL for Trichomonas. 
Each tube was then innoculated with trophozoites (102 /mL) 
grown in the same medium for 48 h. The innoculated media 
were incubated for 24 and 48 h at 35°C. To enumerate the 
total population of parasites an aliquot of each test cul- 
ture was diluted in saline containing formaldehyde (1%). 
Cell counting was performed with the aid of a Speirs-Levy 
eosinophil counting chamber. The result is expressed as 


minimal inhibitory concentraton which was taken as the 
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